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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 



Field Of The Invention 

The technical field of the Invention is ofigonucleotide-directed repair or alteration of plant 
genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example, T-DMA, carrying 
nucleic add sequences encoding partial or complete portions of a particular protein which is expressed in 
a cey or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4,459,355 which describes a method for transforming 
plants with a DMA vector and United States Patent 5,188,642 which describes cloning or expression 
vectors containing a transgenic DNA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate: The use of such transgene^ontaining vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the plants genome at some 
variable frequency. The introduced gene may be foreign or may be derived from the host plant Any 
gene which was originally present in the genome, which may be, for example, a normal allelic variant: 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant 

These methods of gene alteration are problematic in that complications whicfr can 
compromise the vigor, productivity, yield, etc. of the plant may result One such problem is that insertion 
of exogenous nucleic acid at random location® in the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
strength of expression of the introduced transgene to be inappropriate or unpredictable. Another problem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient including, for example, T-DNA ends or other vector remnants, exogenous control 
sequences required to allow production of the transgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance markers. 
Such remnants and added sequences may have presently unrecognized consequences, for example, 
involving genetic rearrangements of the recipient genomes. In addition, concerns have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant animal or fungal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
alteration, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result reduces the utility of such a molecule in methods designed for targeted gene alteration. 

Alternatively, other oligo- or poly* nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalentiy linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of. a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
ofigonucleotide/target base composition are insufficient See, e.g., U.S. Patent 5,422,251. The utility of 
these oligonucleotides for directing targeted gene alteration is compromised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et at, Nature Biotechnology 17: 989-93 (1999). Such 
chimeric or triplex forming molecules have distinct structural requirements for each of the different 
domains of the complete poly- or oligonucleotide in order to effect the desired genomic alteration in either 
episomal or chromosomal targets. 
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Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g„ Kunzelmann et aL, GeneTher. 3:859-867 
(1996). Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et aL, Nature 389:802-803 (1997). However, the efficiency and 
reproducibility of the published homologous recombination approach in plants has severely limited the 
widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA, wherein the 
oligonucleotide had no functional domains other than a region of complementary sequence to the target 
See Campbell et aL, New Biologist 1: 223-227 (1989). These experiments required large concentrations 
of the oligonucleotide, exhibited a very low frequency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown in 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantly different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectly complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified herein. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et aL, 1 983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modified (Burke et aL, Science 236:806; Peterson et at., Trends Genet 13:61 (1 997); Choi, et at, Nat 
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Genet, 4:117-223 (1993), Davies, et al., Biotechnology 11:91 1-914 (1993), Matsuura, et al., Hum. MaL 
Genet, 5:451-459 (1996), Peterson et al., Proc. Nail. Acad. Sci., 93:6605-6609 (1996); and Schedl, et al., 
Cell, 86:71-82 (1996)). Other vectors also have been developed for the cloning of large segments of 
genomic DNA, including cosmids, and bacteriophage P1 (Sternberg et al., Proc. Natl. Acad. Sci. U.SA, 
87:1 03-1 07 (1 990)). YACs have certain advantages over these alternative large capacity cloning vectors 
(Burke et al., Science, 236:806-812 (1987)). The maximum insert size is 35-30 kb for cosmids, and 100 
kb tor bacteriophage P1 , both of which are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the £. coli fertility factor that have 
been developed to construct large genomic DNA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et al., Genome Res. 
7:179-186 (1997); Shizuya et al., Proc. Natl. Acad. Sci. 89:8794-8797 (1992); loannou et al., Nat Genet, 
6:84-89 (1994); Hosoda etal., Nucleic Acids Res. 18:3863 (1990)). BACs are based on the £ coff fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1 . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
from the host genomic background by classical alkaline lysis (Bimboim et al., Nucleic Acids Res. 
7:1513-1523 (1979)). In addition, BACs have been developed for transformation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:107-1 16 (1997); Frary & Hamilton, 

Transgenic Res. 10: 121-132 (2001)). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants are identified and the efficiency of alteration is analyzed both in vitro using a cell-free extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental stress tolerance, improved 
nutritional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein, 
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oligonucleotides of the invention target directed specific gene alterations in genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as plastid or 
mitochondrial chromosomal DMA. The target DNA can also be a transgene present in the plant cell, 
including; for example, a previously introduced T-DNA. For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant cells in various forms including, e.g., 
mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA, 
including episomal DNA from an exogenous source such as a plasmid or recombinant vector. Many of 
these artificial chromosome constructs containing plant DNA can be obtained from a variety of sources, 
including, e.g., the Arabidopsis Biological Resource Center (ABRC) at the Ohio State University, and the 
Rice Genome Research Program at the MAFF DNA bank in Ibarald, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment, the target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
oligonucleotides is believed to be largely the result of degradation by nucleases present in the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g., Koshkin et aL J. Am. Chem. Soc 120: 13252-3), we have found that It is not possible to predict 
which of any particular known modification would be most useful for any given alteration event including 
for the construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during the gene alteration event Herein, a variety of nucleic acid analogs have been 
developed that increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate Dnkages or Z-O-methyl analogs. We recently discovered that 
single-stranded DNA oligonucleotides modified to contain 2'-0-methyl RNA nucleotides or 
phosphorothioate linkages can enable specific alteration of genetic information at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/818,875, international application no. PCT/US01/09761 and Gamper etal., 
Nucleic Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in their 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides that contain them, including, e.g., locked nucleic acids" or 1NAs\ xylo- 
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LNAs and L-ribo-LNAs; see, for example, Wengei & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 01/25478 also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide folly substituted with 2 , -0-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different plants or 
strains, or testing ceils derived from different plants or strains, or plant cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
• several new structures are identified as viable molecules in nucleotide conversion to direct or repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
structure when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast mammalian and plant cells. Molecules containing various lengths of modified bases were 
found to possess greater activity than unmodified single-stranded DNA molecules. 

Detailed Description Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout The oligonucleotides are preferably used for mismatch repair or 
alteration by Changing at least one nucleic acid base, or for frameshift repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of the invention direct any such alteration, 
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including gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate (Tcnockouf) a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides teat introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains more 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
preferred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codons by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identity codons that can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated in a single 
open-reading-frame and that these stop codons can be adjacent in the sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Corresponding stop codon 
TGA 



TAG 



Original codons* 

fiGA (glycine), AGA (arginine), CGA (arginine), TTA (leucine), 
TCA (serine), TGI (cysteine), TGG (tryptophan), TGg (cysteine) 
AAG (lysine), GAG (glutamate), CAG (glutamine), TTG (leucine), 
TCG (serine), TGG (tryptophan), TAT (cysteine), TAC (tyrosine) 
AAA (lysine), GAA (glutamate), CAA (glutamine), TTA (leucine), 
TCA (serine), TAT, (cysteine), TAC (tyrosine) 

The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oBgo-nucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligo-nucleotide, and 
having at least one modified end, preferably at the 3' terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3' terminus of the oligonucleotide. Oligonucleotides 
of the invention can efficiently be used to introduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant, fungal (including yeast) proteins and in cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell extracts derived from plants including, for 
example, experimental model plants such as Chlamydomonas reinhardtii, Physcom'Ma patens, and 
Arabidopsis ihaiiana in addition to crop plants such as cauliflower (Brassica oteracea), artichoke (Cynara 
scoiymus), fruits such as apples (Maftis, e.g. domesticus), mangoes (Mang/fera, e.g. indica), banana 
(Musa, e.g.'acum/nafa), berries (such as currant, Woes, e.g. rubrum), Wwifruit {Acfinidia, e.g. chinensis), 
grapes {Vis, e.g. wn/fera), bell peppers (Capsicum, e.g. annuum), cherries (such as the sweet cherry, 
. Prunus, e.g. avium), cucumber {Cucumis, e.g. sativus), melons (Cucumis, e.g. meto), nuts (such as 
walnut Juglans, e.g. rag/a; peanut Arachis hypogeae), orange (Citrus, e.g. max/ma), peach (Prunus, e.g. 
persica), pear (Pyra, e.g. communis), plum (Prunus, e.g. domesffca), strawberry (ftagaria, e.g. moschafa 
or vesca), tomato (Lycopersicon, e.g. esculentum); leaves and forage, such as alfalfa (Medicago, e.g. 
saliva or truncatula), cabbage (e.g. Brassica o/eracea), endive (Cichoreum, e.g. andivia), leek (Allium, 
e.g. ponvm), lettuce (Lactuca, e.g. saft/a), spinach iSpinada, e.g. oleraceaa), tobacco (NicoBana, e.g. 
fabacum); roots, such as arrowroot (Maranta, e.g. arundinacea), beet (Beta, e.g. vulgaris), carrot 
(Daucus, e.g. carota), cassava (Manihot, e.g. esculenta), turnip (Brassica, e.g. rapa), radish (Raphanus, 
e.g. sativus), yam (Dioscorea, e.g. esculenta), sweet potato (Ipomoea batatas); seeds, including oilseeds, 
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such as beans (Phaseoius, e.g. w/fcans), pea (Pisum, e.g. saffH/m), soybean (Glycine, e g max) 
cowpea (Vigna unguiculata), mothbean (Wgna acon«a), wheat ( Mcum, e.g. aesftum), sorghum 
(So/gnam e.g. ^ barley (M>roeum, e.g. w/fcare), com (Zea, e.g. mays), rice (Oyza, e.g. satfva, 
rapeseed (Brassica napus), millet (Panicum sp.J, sunflower (HeBanihus annuus), oats (Arena saft/a) 
ch,ckpea (C/cer, e.g. aneta); tubers, such as kohlrabi (Brassica, e.g. o/e/aceae), potato (Sdanuni e g 
tuberosum) and the like; fiber and wood plants, such as flax (Linum e.g. usWssinum), 
(Gossypium e.g. nirsuium), pine (P^s sp.), oak (Querns sp.), eucaiyptus (Eucatypte sp.,, and toe .ike 
and ornamental plants such as torfgrass (Lol m e.g. ngidum), petunia (Peton/a, e.g. x nybnda), hyacinth 
(Hyacinthus orientalis), carnation (D/ante e.g. caryopnyBus), delphinium e .g. a/ac/s) Job's 

tears (Co/x /aayroaVob,), snapdragon (Antirrhinum majus), poppy (Papaver, e.g. nudicaule), lilac 
(Synnga, e.g. w/ga*), hydrangea (Hydrangea e.g. macrop ¥ /a), roses (including Gallicas, Albas 
Damasks, Damask Perpetoals, Cenfifolias, Chinas, Teas and Hybrid Teas) and omameny goldenrods 
(e.g. So/roago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
descnbed herein or any method known in the art The DNA domain of the oligonucleotides is preferably 
tolly complementary to one strand of the gene target except for the mismatch base or bases responsible 
for the gene alteration events). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9or 10 bases from one end of the oligonucleotide. 

According to certain embodiments, one or both of the termini of the oligonucleotides of 
the present invention comprise phosphorothioate modifications, LNA backbone (including LNA derivatives 
and analogs) modifications, or 2'-0-methyl base analogs, or any combination of these modifications 
Olrgonucleotides comprising 2'-0-methy! or LNA analogs are a mixed DNA/RNA polymer. The 
olrgonucleotides of the invention are, however, single-stranded and are not designed to form a stable 
mtemai duplex structure within the ofigonucleotide. The efficiency of gene alteration is surprisingly 
increased with oflgonucleotides having internal complementary sequent 
modrfied bases as compared to 2'-Omethy| modifications. This result indicates that specific chemical 
.nteractions are involved between the converting oligonucleotide and the proteins involved in the 
conversion. The effect of other such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (including LNA derivatives or analogs), phosphorothioate linkages, or 2-0- 
methyi analog incorporation into an oligonucleotide can not yet be predicted because the proteins 
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involved in the alteration process and their particular chemical interaction with the oligonucleotide 
substituents are not yet known and cannot be predicted. 

In the examples, oligonucleotides of defined sequence are provided tor alteration of 
genes in particular plants. Provided the teachings of the instant application, one of skill in the art could 

5 readily design oligonucleotides to introduce analogous alterations in homologous genes from any plant 
Furthermore, in the tables of these examples, the oligonucleotides of the invention are not limited to the 
particular sequences disclosed. The oligonucleotides of the invention include extensions of the 
appropriate sequence of the longer 120 base oligonucleotides which can be added base by base to the 
smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of the invention include for 

10 each correcting change, oligonucleotides of length 1 7, 1 8, 1 9, 20, 21 , 22, 23, 24, 25, 26. 27, 28. 29, 30. 
31. 32. 33, 34. 35. 36. 37, 38, 39, 40, 41. 42, 43, 44. 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57. 58. 
59. 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 88, 89, 90, 91, 92, 93, 94, 95. 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
111, 112, 113, 114, 115, 116, 117, 118. 11 9, or 120 with further single-nucleotide additions uptothe 

1 5 longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 

comprise the sequences disclosed herein may be used. Moreover, the oligonucleotides of the invention 
do not require a symmetrical extension on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various tables tor alteration of particular plant genes 
contain phosphorothioate linkages, 2'-0-methyl analog or LNA (including LNA derivatives and analogs) or 

20 any combination of these modifications just as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any 
combination of additional LNAs (including LNA derivatives and analogs), phosphorothioate Dnkages or 2'- 
O-methyl analogs to maximize conversion efficiency. For oligonucleotides of the invention that are longer 

25 than about 1 7 to about 25 bases in length, internal as well as terminal region segments of the backbone 
may be altered. Alternatively, simple fold-back structures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 

30 modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type of backbone modifications) that are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2'-0-methyi base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 
efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2 , -0-methyl 
substituted molecule, a completely complemented oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2 , -0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 
of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

• Efficiency of conversion is defined herein as the percentage of recovered substrate 
molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 
the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such control oligonucleotides are oligonucleotides with folly phosphorothiolated 
linkages, oligonucleotides that are folly substituted with 2'-Omethyi analogs, a perfectly matched 
oligonucleotide that is folly complementary to a target sequence or a chimeric DNA-RNA double hairpin 
oligonucleotide such as disclosed in US Patent 5,565,350: 

In addition, for a given oligonucleotide length, additional modifications interfere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 



WO 01/92512 



12 



PCT/US01/17672 



which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, folly phosphorothiolated or fully 2-O-methytated molecules are inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 

5 of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either strand of DNA and can include 

1 0 any component of the genome including, for example, intron and exon sequences. The preferred 

embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed strand of a 
genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the sense 
strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non-transcribed 
strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA duplex is found in 

1 5 the mRNA produced from that duplex, given that mRNA uses uracikontaining nucleotides in place of 
thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded 

20 hairpin control or single-stranded oligonucleotides comprising other backbone modifications was 

surprising. The single-stranded molecules of the invention totally lack the complementary RNA binding 
structure that stabilizes a normal chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5,565,350 yet is more effective in producing targeted base conversion as compared to such a 
chimeric RNA-DNA double-stranded hairpin. In addition, the molecules of the invention lack any 

25 particular triplex forming domain involved in Hoogsteen interactions with the DNA double helix and 

required by other known oligonucleotides in other oligonucleotide-dependant gene conversion systems. 
Although the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 

■ 

oligonucleotides of the invention is higher than the efficiency of sequence alteration using a chimeric 
30 RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 

alteration or gene conversion directed by an unmodified oligonucleotide is many times lower as compared 
to a control chimeric RNA-DNA molecule or the modified oligonucleotides of the invention targeting the 
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same sequence alteration. Similarly, molecules containing at least 3 2 l -0-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 
phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 1 7 
to about 1 21 nucleotides in length, preferably about 1 7 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 

* * 

dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer ZO, available through Integrated DNA Technologies (Coralville, IA 52241) 
(http://www.idtdnacom); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 
oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerizatiorr potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Park St, Madison, Wl 53715, Phone: (608) 258-7420 
(http^/www.dnastar.ron^products/PrimerSelecthtml). 

if the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair* nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment, the oligonucleotides of the invention are complementary to the non-transcribed 
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strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
5 oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 

■ 

disclosed herein, multiple bases can be simultaneously targeted for change, the target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasrrids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change in a given ceil. Target 

1 0 bases only two nucleotides apart are changed together in every case that has been analyzed. The 

farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 

1 5 oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 

20 (PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 

uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in another cell type, including for example, yeast or bacterial cells and then introduced 

25 into a plant cell as, for example, a T-DNA. Plant cells thus modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired targeted genomic change. In other instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administration of the modified, single-stranded oligonucleotides of the invention to a subject 

The single-stranded, modified oligonucleotides of the present invention have numerous 

30 applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base par. The methods of the present invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may, for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered gene. See, e.g:, U.S. Patent 6,046,380 and 
U.S. Patent 5,905,185 incorporated herein by reference. Such plants produced using the compositions of 
the invention lack additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or frameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant model 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and methods of the 
present invention may also be used to introduce molecular markers, including, for example, SNPs, 
RFLPs, AFLPs and CAPs. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directly in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where cells are the target 
as a composition adapted for bathing cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubifizing agent Generally, the 
ingredients'will be supplied either separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-free concentrate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 Mg/kg target tissue, preferably between 1 to 250 pg/kg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofecb'n. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 1 00.000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a lot comprising at least one oligonucleotide of the 
invention. The kit may comprise an additional reagent or article of manufacture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract a cell, or a plasmid, such as 
one of those disclosed in the Figures herein, for use in an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within the cell 
produced according to the methods of the invention. 

Brief Description Of The Drawings 

Figure 1. Flow diagram for the generation of modified single-stranded oSgonudeotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-stranded oligonucleotides that contain (A) 2'-0-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for correction of kan' in the HUH7 cell-free 
extract are presented in parenthesis. HUH7 cells are described in Nakabayashi et al., Cancer Research 
42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a 6 
residue mismatched to the complementary sequence of the kan s gene. The numbers 3, 6, 8, 1 0, 1 2 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted fine. Smooth lines indicate DMA residues, wavy fines indicate 2-O-methyl RNA 
residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (lefl) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-stranded hairpin 

oligonucleotide is used. 

Figure! Genetic readout system for correction of a point mutation in plasmid ^K s m4021. 
A mutant kanamycin gene harbored in plasmid pK t m4021 is the target for correction by oligonucleotides. 
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The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in Ecoff (DH10B) after electroporation leading to the genetic readout and colony counts. 

Rgure 3: Target plasmid and sequence correction of a frameshift mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid pT«A208 contains a single base deletion mutation at 
position 208 rendering it unable to confer tot resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure* DNA sequences of representative kaif colonies. Confirmation of sequence 
alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 10S/25G and 12S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 
are presented below the table with yellow highlighting altered residues. 

Figures. Gene correction in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneof)FIAsH plasmid (shown in Rgure 9) into HeLa cells. 
Ugand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 
results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of coirected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncorrected" cells remain colorless. 

Rgure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 
represented in Rgure 5 are produced by Zeiss 51 0 LSM confocal microscope revealing that the fusion 
protein is contained within the cell. 

Rgure 7. Hygromydr^eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, at codon 46, of the Hygromycin B 
coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
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base substitution mutation introducing a G at nucleotide 1 37, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 1 0. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 

presence of dextrose. 

Figure 1 1 . pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
pBI101, pB1 101.2, pBI101.3 or pB1 121 available from Clontech in which HygeGFP replaces the beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polylinker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

« 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 
correct a point mutation in the kanamycin gene of pK 9 m4021 (Figure 2) or the tetracycline gene of 
pT s A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1C and 
Figure 1 D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshrft mutation). A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing the kan s gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the RAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in & cerevisiae at low copy number, confers resistance to aureobasidinA and consfibfivefy expresses 
either the Neo-WFIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 

Additional constructs can be made to test additional gene alteration events or for specific use in 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 
such as, e.g. those based on T-DNA can be constructed for stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g., cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo, hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modified to increase 
expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 
Haseloffetal., Proc. NatLAcad. Scf. 94(6): 2122-7 (1997), Rouwendal etal. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu et al. FEBS Lett 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the frequency of codons with a C or a G in the third position from 32 to 
about 60%. Specific constructs are disclosed and can be used as follows with such plant specific 
alterations. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, pHyg(A)eGFP, 
pHyg(ins)eGFP, that contain a substitution mutation at nucleotide 137 of the hygromycin-B coding 
sequence, (rep) indicates a T137-*G replacement (A) represents a deletion of the G137 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 
termination codon at residue 46. We use pHYGeGFP plasmid (Invhrogen, CA) DMA as a template to 
introduce the mutations into the hygromyciri-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First, we generate overlapping and a 3' amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 215 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5-AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3^, HygAr (5'-GACTATCCACGCCCTCC-3') 1 or Hyginsr (5 1 - 
GACATTATCCACGCCCTCC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or 
(ins) by polymerization from oligonucleotide primers Hygrepf (S'-CTGGGATAGGTCCTGCGG-S 1 ), HygAf 
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(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5XX3TGGATMTGTCCTGCGG-3 1 ), respectively to primer 
HygEGFPr (S'-AAATCACGCCATGTAGTG-S'). We mix 20 ng of each of the resultant 5' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and Rsrll restriction endonuclease sites. We use the Expand PCR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94*C for 10 seconds, annealing 
at 55°C for 20 seconds and elongation at 68*C for 1 minute. We digest 10 pg of vector pHYGeGFP and 
5 pg of the resulting fragments for each mutation with Kpnl and Rsrll (NEB) and gel purify the fragment 
for enzymatic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxJprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper ef a/., Bochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 pg/ml per unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The Eco/i strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (racA). 

Cell-free extracts. Although this portion of this example is directed to mammalian 
systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian cell including, for example, H1299 cells 
(human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary epithelial 
ceDs), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 
cancer), HCT116 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x10 s cells. We teen wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5mMKCI;1.5mM MgCIji 1 mM DTT) with 250 mM sucrose. 
We then resuspend the cells in cold hypotonic buffer without sucrose and after 1 5 minutes we lyse the 
cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 
60 minutes on ice and centrifuge the sample for 1 5 minutes at 1 2000xg. The cytoplasmic fraction is 
enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at -80°C. We determine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, S. cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30°C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, 1mM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
X100 to final concentrations of 0.1 mM and 0.1% and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at 3000xg for 10 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at 30000xg for 15 minutes. We then add glycerol to the clarified extract to a 
concentration of 10% (v/v) and freeze aliquots at-80*C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 pi are used, consisting of 10-30 pg protein of cell-free extract 
which can be optionally substituted with purified proteins or enriched fractions, about 1.5 pg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 pg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 15 mM MgCI 2 , 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated witti extract and incubated at 30*C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 r.p.m. at 4*C for 30 min., is washed with 70% ethanol, resuspended in 50 pi H 2 0, and is stored 
at -20*C. 5 pi of plasmid from the resuspension (- 1 00 ng) was transfected in 20 pi of DH1 0B cells by 
electroporation (400 V, 300 pF, 4 kQ) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37'C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37'C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 pi of a 10 s dilution is added to an ampicilfin (100 pg/ml) plate. After overnight 37°C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 1 Or 5 to correct for the amp dilution. 
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The following procedure can also be used. 5 pi of resuspended reaction mixtures (total 
volume 50 pi) are used to transform 20 pi aliquots of electro-competent DH10B bacteria using a 
Ce!l-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37*C for 
1 hour at which time 50 pg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 p1 of SOC. 100 pi aliquots are plated 
onto kan ortet agar plates and 100 pi of a 10 4 dilution of the cultures are concurrently plated on agar 
plates containing 1 00 pg/ml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 310 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded ofigonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1 A) 2-O-methyl RNA nucleotides or (Figure 1B) phosphorothioate 
linkages. Fold changes in repair activity for correction of kan 8 in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a Q residue 
mismatched to the complementary sequence of the kan 8 gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan 8 system Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-men the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand molecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phospnorothioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the 'RNA^ontaining' strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair 
At equal levels of modification, however, 25-mers with 2*-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

■ 

Repair of the kanamycin mutation requires a G-4C exchange. To confirm thatthe 
specific desired correction alteration was obtained, colonies selected at random from multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated through the action of the single-stranded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) 
respectively contained plasmid molecules harboring the targeted base correction. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on 
both ends, the sequences of the plasmid molecules from these colonies contain nonspecific base 
changes. In these Blustrative examples, the second base of the codon is changed (see Figure 3). These 
results show that modified single-strands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contain 1 0 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6. 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the exampfified 
molecule although other molecules with 2, 4, 5, 7, 9 and 11 modifications at each end can also be tested 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a felly phosphorothioate linked backbone 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate Z-O-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of those cells (rem the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example 
293 cells (transformed human primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 ' 
(human epithelial carcinoma, non-small cell lung cancer). HeLa cells are grown at 37'C and 5% C0 2 in a 
humidified incubator to a density of 2 x 1 0 s ceils/ml in an 8 chamber slide (Lab-Tek). After replacing the 
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regular DMEM with Optimem, the cells are co-transfected with 1 0 pg of plasmid pAURNeo{-)RAsH and 
5 pg of modified single-stranded oOgonudeotide (3S/25G) that is previously complexed with 10 pg 
lipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 hrs at 37'C. Treated cells are washed with PBS and fresh DMEM is 

5 added. After a 1 6-1 8 hr recovery period, the culture is assayed for gene repair. The same 

oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid bearing the 
kan s gene. Correction of the point mutation in this gene eliminates a stop codon and restores fall 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the kan protein, to produce a 

1 0 highly fluorescent complex (FlAsH system, Aurora Biosciences Corporation). Following a 60 min 

incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing toll length kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
' variety of mammalian cells, including, for example, COS-1 and COS-7 cells (African green monkey), and 

1 5 CHO-K1 cells (Chinese hamster ovary). The experiments are also performed with PG1 2 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1 , 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan*m4021 

20 (see Figure 1 ). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan s m4021 point 
mutation catalyzed by plant cell extracts prepared from canola and musa (banana). Colony numbers are 
presented as kan r or tef and fold increases (single strand versus double hairpin) are presented for katf in 

25 Table 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target Gene repair is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a 'Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
30 illustrates that the fluorescent signal is 'inside the cells". 

Results. In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications atthe termini and demonstrate gene repair/conversion 
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activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the.novel oligonucleotides of the invention is elevated 
approximately 3-4-tbld in certain embodiments when compared to frequencies directed by chimeric RNA- 
DNA double hairpin oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 
in EcoB grown in the presence of the specified antibiotic. The importance of this system is that both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK s m4021 contains a mutation 
fT-*G) at residue 4021 rendering it unable to confer antibiotic resistance in Ecotf. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, the directed correction is from G-*C rather than G-4T 
(wild-type). After isolation, the plasmid is electroporated into the DH10B strain of £co//, which contains 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 1 0 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan* 
mutation, gene repair is observed (I in Figure 1 A). Chimera II (Figure 1 B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan s mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid prA208, described in Figure 1(C) 
and Rgure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at position 208, is 
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used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue atthis same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of phosphorothioate oligonucleotides to 2'-0-methyl substituted 
origonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition by RMA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 Z-O-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DMA residues. 

OBgonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK*m4021 and the following single-stranded oligonucleotides 
modified witii 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGIG corrects the original mutation present 
in the kanamycin resistance gene of pK s m4021 as well as directing another atteration 2 basepairs away in 
the target sequence (both indicated in boldface); Ofigo2 is a 70-mer with the ff-end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Otigo2 directs correction of the mutation in pK , m4021 as well as directing another atteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK*M4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides that are three nucleotides apart with the sequence 5*- 
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two nucleotides that are 21 nucleotides 
apart with the sequence 5-CATCAGA6CAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCMGCGGCCGGAGA-3'; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5 - 

GCTGACAGCCGGMCACGGCGGCATCAGAGCAGCCAATTGTCTG7TGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 

underiined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK s m4021 by monitoring kanamycin 
resistance (the second alterations which are directed by OUgo2 and Oligo3 are silent with . respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme Tsp509l which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 



• 


Oligol (25-mer) 


, Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DAM oligonucleotide. Bectrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oBgos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair. The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid nitrogen with a mortar and pestle. We 
extract 3 ml of the ground plant tissue with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 mM KCI; 



as 
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1 .5 mM MgCljl 1 0 mM DTT; and 1 0% [v/v] glycerol). Some plant ceil-free extracts also include about 1 % 
(w/v) PVP. We then homogenize the samples with 15 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We men determine the protein concentration in the supematants (extracts) by 
5 Bradford assay. We dispense 1 00 pg (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at -80°C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acum/nafa cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
10 chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Tablel 



Gene repair activity is directed by single-stranded oligonucleotides. 




pE 5 m4027 




I 



10 
20 
10 
20 
10 
20 
10 
20 
10 

20 
10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

10 
20 
20 



300 
418 
537 
748 
3 
5 
112 
96 
217 
342 
6 
39 
0 
0 
3 
5 
936 
129S 
1140 
1588 
480 
681 
18 
25 
0 
4 
0 
0 



old jni 
l.Ox 
1.78x 
0.01x 
0J22x 
0.81x 
0.093x 
Ox 
0.01x 
3.09x 
3.7x 
1.6x 
0.059x 
0.009x 



Plasmid pK«m4021 dug), the indicated oligonuckotide (lj ug chimeric oligonucleotide 
or 0 .55 ug angle-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 1 0 or 20 ug of HUH7 cell-free extract were incubated 45 min at 37<t. Isolated 
plasmid DNA was electroporated into £ coli (strain DH10B) and the number ofkan' 
colonies counted. Ihe data represent the number of kanamycin resistant colonies per 10 6 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan r colonies (second reaction) and in all reactions was calculated using 
the 20ug sample. 
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TableO 



Modified single-stranded oligomers are not dependent on MSH2 or MSH3 for optimal 

gene repair activity. 



A. Oligonucleotide Etagm jg 



Extract 



kan r colonies 



K (3S/25G) 

X (6S/25G) 

DC 

X 

DC 

X 

K 

X 



HUH7 
HUH7 
MEF2* 

MEF3* 
MEF3* 
MEF^ 
MEF** 
MEF2 4 
MEF3* 
MEF** 



637 

836 

781 

676 

S82 

530 

332 

497 

10 

5 

14 



Chimeric oligonucleotide (1.5 ug) or modified single-stranded oligonucleotide (0.55 ug) 
was incubated with lug of plasmid pK*m4021 and 20ug of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2^) or MSH3 (3" / ") deleted. 
MEF 1 • indicat es wild-type moose embryonic fibroblasts. The other reaction components 
were then added and processed through the bacterial readout system. The data represent the 
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ofkanamycin resistant colonies per 10* 



illin resistant 
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Tablem 

Frameshift mutation repair is directed by single-stranded oligonucleotides 



Oligonucleotide 



Plasmid 



Extract tefcplqme; 



Tet DC (3S/25A; 03 ng) pT*A208 (lfig) 



Tet DC (0.5 ng) 
Tet DC (1 Jug) 
Tet DC (2.0 jig) 
Tet I (chimera; 1.5 fig) 



20pg 



0 

0 

48 

130 

68 

48 



Each reaction mixture contained the 



i amounts of plasmid and oligonucleotide. 



The extract used for these experiments came from HUH7 cells. The data represent the 
number of tetracycline resistant colonies per 10* ampiciflin resistant colonies generated 



from the same reaction and is the average of 3 independent experiments. Tet I is a 



chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 
are designed to insert a T residue at position 208 of pT*A208. These oligonucleotides are 



equivalent to structures I and DC in Figure 2* 
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Table IV 

Plant cell-free, extracts support gene repair by single-stranded oligonucleotides 



Oligonucleotide Pjasmjd 



II (chimera) 
EX (3S/25G) 
X(6S/25G) 

n 

K 
X 



DC 
X 



pK s m4021 



Ejt^act 


kan r colonies 


30^g Canola 


337 


Canola 


763 


Canola 


882 


Afusa 


203 


Afusa 


343 


Afusa 


746 


Canola 


0 


Afusa 


0 


- Canola 


0 


- Afusa 


0 



Canola or Musa cell-free extracts were tested for gene repair activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide n (1 £ pg) and 
modified single-stranded oligonucleotides DC and X (0 iS5jig) were used to correct 
pK s A4021. Total number of kan r colonies are present per 10 7 ampiriHm resistant 
colonies and represent an average of four u 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this. example, single-stranded oligonucleotides with modified backbones and double- 
hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 
plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 
pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon In the hygromycin resistance gene coding region. In 
pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 1 36 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 
pAURHYG(A)eGFP, pAURHY G(ins)eGFP, that contain a point mutation at nucleotide 137ofthe 
hygromycin-B coding sequence as follows, (rep) indicates a T137-4G replacement (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 pg pAUR123 vector DNA, as well 
as, 10 Mg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 
fragments and prepare them for enzymatic ligation. We iigate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA figase (Roche). We screen clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 
support correction under a variety of conditions. The oligonucleotides which direct correction of the 
mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T774 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art One of these oligonucleotides, HygE3T774, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight ten or more LNA 
modifications on at least one of the two termini (and preferrably the 3' terminus) may be used in different 
embodiments. 

Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 
hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1 . Plasmids used for assay were maintained stably in yeast 
(Saccna/omyces cerews/ae) strain LSY678 MATarat low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 
electrocompetent yeast cells, we inoculate 10 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 ipm at 30°C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30'C until the OD^, was between 0.5 and 1.0 (3-5 hours). We 
then wash the cells by centrifuging at 4°C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4°C at 3000 rpm for 5 minutes and resuspend in 1 ml 
ice-cold 1M sorbitol and then finally centrifuge the cells at 4°C at 5000 rpm for 5 minutes and resuspend 
the cells in 1 20 pi 1 M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 pi of cells with 5 pg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1.5 kV, 25 pF, 200 O for one five-second pulse. We then immediately resuspend the 
cells in 1 ml YPD supplemented with 1M sorbitol and incubate the cultures at 30°C with shaking at 300 
rpm for 6 hours. We then spread 200 pi of this culture on selective plates containing 300 pg/ml 
hygromycin and spread 200 pi of a 10 s dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30°C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 
of hygromycin resistance colonies per 10 s aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast ceOs 
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conteining the plasmld pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide Kan70T produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid. These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5'- 

CTCGTGCTTTCAGCnCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAMTAGCTGCGCCGATG 
GTTTCTAC-3'; a 74-mer that alters two basepairs that are 15 nucleotides apart with the sequence 5'- 

CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence ff- 

CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATA£GTCCTGCGGGTAAATAGCTGCGCCGACG 
GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more efficiently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 
synthesis ofRNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concentrations from 0-3.6 pg, afthough we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 
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Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 

that described in Figure 10. 

Optimization of otigonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 M9- As shown in 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Table 6 

Correction of an insertion mutation in pAURHYG(tns)GFP by HygGG/Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 
Hygromycin 


Colonies on 
Aureobasidinf/IO 5 ) 


Correction 
Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 



An oligonucleotide targeting the sense strand of the target sequence corrects more efficiently. 



10 



15 



Amount of Oligonucleotide (pg) 


Colonies per hygromycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


06 


24 


128(8.4x)* 


12 


' 69 


140 (7.5x)* 


2A 


62 


167(3.8x)« 


16 


29 


367 (15x)* 



•The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table8 



Correction of a base substitution mutation is more efficient than correction of a frame shift mutation. 



Oligonucleotide Tested (5 pg) 


Plasmid tested (contained in LSY678) 


pAURHYGfms)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 



Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount (pg) 



12. 
2£ 

£0 

II 
10.0 



Colonies on 
hygromycin 

0 

5 

47 
199 
383 
191 



Colonies on 
aureobasidin (/10 s ) 

£ 
64 

30 

33 

39 

33 



Correction efficiency 



0 
0.08 
1.57 
6.08 
9.79 
5.79 



Example 3 
Cultured Cell Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used with cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of normal donors using Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using either 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38" cells are purified from the 
mononuclear cells using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver, CA). Cells used for microinjection are either freshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 
S Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 100 pg/ml 
glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin, 50 pg/ml bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 pg/ml low-density lipoprotein (LDL; 
Sigma, St Louis, MO), 50 mM HEPEs buffer and 50 pM 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 (Pepro Tech Inc., Rocky Hill, NJ). After 
microinjection, cells are detached and transferred in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4° C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37° C prior to microinjection. After incubation, cloning rings are 
removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 pm to 0.3 pm outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37° C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact alive and remain attached to the 
plate post injection. Molecules that are flourescently labeled allow determination of the amount of 
oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from Lin"CD38" cells, the procedure of Malik, 1 998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their profiferative 
capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(B A ) to sickle T (3 s ) mutation in the B-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

Alternatively, non-stem cell populations of cultured cells can be manipulated using any 
method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
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liposomes, polyethytenimine (PS), electroporation, biolistics, calcium phosphate precipitation, or any 
other method known in the art 

Biolistic delivery of oligonucleotide into plant cells may be accomplished according to the 
following method. One milliliter of packed ceil volume of plant cell suspensions are subcultured onto 

5 plates containing solid medium [with Murashige and Skoog salts from Gibco/BRL, 500 mg/lter Mes, 1 
mg/liter thiamin, 1 00 mg/Iiter myo-inositol, 180mg/liter KH2P04.2.21 mgyirter2,4-dichlorophenoxyacetjc 
acid (2,4-D), and 30 g/liter sucrose (pH 5.7) and having 8 g/liter agar-agar from Sigma added before 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be introduced to cells after precipitation onto 1 micrometer or 

1 0 comparable gold microcarriers (Bio-Rad). To precipitate onto microcam'ers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 1 00% ethanol) is transferred to a 1 .5 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 M spermidine is added. The tube is mixed vigorously or a vortex mixer for 10 min at room 

1 5 temperature! The particles are allowed to settle for 1 0 min and are centrifuged at 1 1 ,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 10 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance from power source 
to macroprojecfa'le) of 1 cm and a target distance (distance from microproject'le launch site to target 

20 material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 1 5 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 1.0 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 

25 Rad PDS-1 000 He particle delivery system or comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be employed to determine the optimum concentration of 
oligonucleotide according to the procedures described herein for any particular oligonucleotide of the 
invention. 

Alternatively, the oligonucleotide of the invention may be delivered to a plant cell by 
30 electroporation of a protoplast derived from a plant part The protoplasts may be formed by enzymatic 
treatment of a plant part, particularly a leaf, according to techniques such as those in Gallois et al., 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditions for electroporation use 
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about 3 x 1 0 s protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although Irttte information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock out - mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CAA codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
of the stop codon 

. Alternatively, frameshHt additions or deletions can be directed into the genome at a specific sequence to 
interrupt the reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 1 1, into a plant 
cell, Agrobacterium tumefadens is used. These techniques are routine standard techniques known in the 
art For example, one method follows. We transform A tumefadens is transformed by electroporation 
(using a BioRad Gene Pulser"). Competent A tumefadens is prepared using a method similar to that of 
preparing competent £ oof by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 10% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 
pF, 200 Q and 2.5 kV. 

A tumefadens containing a plasmid with a T-DNA is then used to introduce the T-DNA 
into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infiltration or by dipping flowers in an Agrobacterium solution containing a 
surfactant e.g. L-77. Seeds are then collected, grown and screened for presence of the T-DNA 
Alternatively, Agrobacterium can be used to transform callus tissue and the callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
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detail by way of Illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing from the spirit or scope of the appended claims. 

Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
correct the respective mutation site-specifically in the genome according to the present invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 

alteration/mutation confers. 

For most entries, the mutation/alteration is identified at both the nucleic acid and protein 
level. At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Terminator codons 
are shown as TERM". At the nucleic acid level, the entire triplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the genome or in cloned DNA including DNA in artificial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 
however, may include any of the oligonucleotides sharing portions of the sequence of the 121 base 
sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5 1 to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 1 21 nt oligonucleotide 
centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement, 
targets the opposite strand of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 1 7 nt domain of the first oligonucleotide, also centered about the repair/alteration nucleotide. The 
fourth oligonucleotide is the reverse complement of the third, and thus represents the minimal 17 nt 
domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Example 5 
Engineering herbicide resistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 
high-yielding crop varieties have contributed greatly to the "green revolution," chemical weed control has 
also been at the forefront of technological achievement 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides targeting different classes of weeds. The problem with such herbicides is that 
they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides. Such herbicide-tolerant plants may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyOcarbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing into the genome of the plant the ability to degrade the herbicide, the 
capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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Table 10 

Genome-Altering Ofiaos Conferring Glyphosate Resistance 



mm 





Glyphosate Resistance 
EPSPS 

Arabidopsis thaliana 

Gly97Ala 

GGC-GCC 



MGCGTCGGAGATTGTACTTCAACCCATTAGAGAAATCTCCGGTC 

TTATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 

TTCTCGCTGCTCTGTCTGAGGTATATATCAC 



4341 



GTGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
CTCTAATGGGTTGAAGTACAATCTCCGACGCTT 



4342 



GCTTCCTGCCTCCAAGT 



4343 



ACTTGGAGGCAGGAAGC 



4344 



Glyphosate Resistance 
EPSPS 

Brassica napus 

Gly93Ala 

GGA-GCA 



AAGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 
TCATTAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 
TTCTTGCCGCTCTATCTGAGGTACATATACT 



^?34T 



AGTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 
GGAGAGAGATTTGGATGCGGGTAGCTTAATGAGACCCGAGATTT 
CTCTGATTGGTTGMGCACAATCTCTGAAGCTT 



4346 



GCTACCCGCATCCAAAT 



4347 



ATTTGGATGCGGGTAGC 



4348 



Glyphosate Resistance 
EPSPS 1 

Nicotiana tabacum 

Gly95Ala 

GGT-GCT 



AGCCCAACGAGATTGTGCTGCAACCCATCAMGATATATCAGGC 

ACTGTTAMnGCCTGCJTCTAMTCCCTTTCCAATCGTATTCTCC 

TTC7TGCTGCCCTTTCTAAGGGMGGACTGT 



4349 



ACAGTCCTTCCCTTAGAAAGGGCAGCAAGAAGGAGMTACGATT 

GGAAAGGGATTTAGAAGCAGGCAATTTAACAGTGCCTGATATATC 

TTTGATGGGTTGCAGCACAATCTCGTTGGGCT 



4350 



ATTGCCTGCTTCTAAAT 



4351 



ATTTAGAAGCAGGCAAT 



4352 



Al IG'l I ICCI rGGTACGAAATGTCCTCCTGTTCGMTTGTCAGCA 
AGGGAGGCCTTCCCGCAGGGAAGGTAAAGCTCTCTGGATCAATT 
AGCAGCCAGTACTTGACTGCTCTGCTT ATGGC 



Glyphosate Resistance 
EPSPS 2 

Nicotiana tabacum 

Gly62Ala 

GGA-GCA 



4353 



GCCATAAGCAGAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 
GAGCmACCTTCCCTGCGGGAAGGCCTCCCTTGCTGACAAnC 
GAACAGGAGGACATTTCGTACCAAGGAAACAAT 



4354 



CCTTCCCGCAGGGAAGG 



4355 



CCTTCCCTGCGGGAAGG 



4356 



Glyphosate Resistance 

EPSPS 

Zeamays 

Gly168Ala 

GGT-GCT 



atTgTTTcCi IGGCACTGACTGCCCACCTGTTCGTGTCAATGGAA 
TCGGAGGGCTACCTGCTGGCAAGGTCMGCTGTCTGGCTCCATC 
AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 



3357 



GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 
CAGCTTGACCTTGCCAGCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 



4358 



WO 01/92512 



PCT/US01/17672 



-47- 



10 



15 



20 





mmmm 






GCT ACCTGCT GGCAAGG 




CCTTGCCAGCAGGT AGC 



Glyphosate Resistance 
EPSPS 
Oryza sativa 
Gly115Ala 
GGT-GCT 



JJyphosate Resistance 
EPSPS 

Petunia x hybrid a 
Gly93Ala 
GGC-GCC 



AU I CaTTTCCTTGGCACTGAATGCCCACCTGTTCGTGTCAAGGGA" 
ATTGGAGGACTTCCTGCTGGCAAGGTTAAGCTCTCTGGTTCCAT 
CAGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 



m 



4359 



4360 



GCCATCAGCAAGGCACTCMGTACTGACTGCTGATGGAACCAGA 

GAGCTTAACCTTGCCAGCAGGAAGTCCTCCAATTCCCTTGACAC 
GAACAGGTGGGCATTCAGTGCC AAGGAAACAGT 

ACTTCCTGCTGGCAAGG 
CCTTGCCAGCAGGAAGT 



uiyphosate Resistance 
EPSPS 
Lycopersicon 
esculentum 
Gly97Ala 
GGT-GCT 



AGCC 



OAGT< 



43FT 



4362 



4363 
4364 



rCUUATTAAAGAGATTTCAGGCA 



CTGTTAAATTGCCTGCCTCTAAATCATTATCTAATAGAATTCTCCT 
TCTTGCTGCCTTATCTGAAGGAACMCTGT 



Glyphosate Resistance 
EPSPS 

Lolium rigidum 

Gly107Ala 

GGT-GCT 



ACAGTTGTTCCTTCAGATAAGGCAGCAAGAAGGAGAAnCTATTA 
GATMTGATTTAGAGGCAGGCMTTTAACAGTGCCTGAAATCTCT 
TTAATGGGTTGCAACACTATC TCAGAAGGCT 
ATTGCCTGCCTCTAAAT 

ATTTAGAGGCAGGCAAT 

AAUUUUATGAGATTGTGCTAGNACCCATCAAAGATATATCTGGTA 

CTGTTAAATTACCCGCTTCGAAATCCCTTTCCAATCGTATTCTCCT 
TCTTGCTGCCCTTTCTGAGGGAAGGACTGT 

ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGAn 

GGAMGGGATTTCGAAGCGGGTAATTTAACAGTACCAGATATATC 
TTTGATGGGTNCTAGCACAA TCTCATGGGGTT 

ATTACCCGCTTCGAAAT 
Al 1 1 CGAAGCGGGTAAT 



4365 



4366 



TTGGAGGGCTACCTGCTGGCAAGGTTAAGCTGTCTGGTTCCATC 
AGCAGCCAATACTTGAGTTCCTTGCTGATGGC 

GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGGAACCAGA 

CAGCTTAACCTTGCCAGCAGGTAGCCCTCCAATGCCGTTGATCG 
AACAGGT GGGCAGTCAGTGCCAAGGAAACAAT 

GCTACCTGCJGGCAAGG 
CCTTGCCAGCAGGTAGC 



4367 
4368 
4369" 



4370 



4371 
4372 



"4173" 



4374 



4375 
4376 



WO 01/92512 



48 



PCT/DS01/17672 



Table 11 

Genomft-Atterino OBqos Conferring Imidazofinone and Sul fonylurea Herbicide Resistance 




Sulfonylurea 

Resistance 

ALS 

Arabidopsis thaliana 

Pro197Ser 

CCT-TCT 



AGCGGATTA6CCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCTCTCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 



AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CMTCATACGACGAGAGACTTGTCCTGTGATTGCTACAAGAGGAA 

CACTATCTAACAACGCATCGGCTAATCCGCT 



GACAAGTCTCTCGTCGT 




4377 



4378 



4379 



4380 



Sulfonylurea 
Resistance 
ALS 

Arabidopsis thaliana 

Pro197Gln 

CCT-CAG 



ATCACAGGACMGTCCAGCGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGTTGAGGTAACGCGTT 



AACGCGTTACCTCAACMTCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGCIGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 



4382 



ACAAGTCCAGCGTCGTC 



4383 



TACGACGCTGGACTTGT 



4384 



Sulfonylurea 

Resistance 

ALS 

Arabidopsis thaliana 

Pro197Gln 

CCT-CAA 



Imidazofinone 

Resistance 

ALS 

Arabidopsis thaliana 

Ser653Asn 

AGT-AAC 



AGCGGAttAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCCAACGTCGTATGATTGGTACAGATGCGTTT 

CAAGAGACTCCGATTGTTGAGGTMCGCGTT 



AACGCGTTACCTCAACMTCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGJTGGACTTGTCCTGTGATTGCTACAAGAGGM 

CACTATCTAACAACGCATCGGCTAATCCGCT 



4386 



ACAAGTCCAACGTCGTA 



4387 



TACGACGJJGGACTTGT 



4388 



GACCnACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTGT 
TGCCGATGATCCCGAACGGTGGCACTTTCAACGATGTCATAACGG 
AAGGAGATGGCCGGATTAAATACTGAGAGAT 



4389 



ATCTCTCAGTAmAATCCGGCCATCTCCTTCCGTTATGACATCGT 
TGAMGTGCCACCGrrCGGGATCATCGGCAACACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGT AAGGTC 



4390 



GATCCCGAACGGTGGCA 



4391 



TGCCACCGTTCGGGATC 



4392 



WO 01/92512 



PCT/US01/17672 



-49- 



10 



15 



20 



25 



30 



imidazolinone 
Resistance 
ALS 

Arabidopsis thaliana 

Ser653Asn 

AGT-AAT 



mi 



m 



?■*'.-> 



frSMfr 



Sulfonylurea 

Resistance 

ALS 

Oryza sativa 

Pro171Ser 

CCC-TCC 



Sulfonylurea 

Resistance 

ALS 

Oryza saft/a 

Pro171Gln 

CCC-CM 



Sulfonylurea 

Resistance 

ALS 

Oryza saliva 

Pro171Gln 

CCC-CAG 



Imidazolinone 
Resistance 
ALS 

Oryza sativa 
He627Asn 
ATT-MT 



GACu 1 1 AUU I G 1 1 GGATGTGAITTGTCCGCACCAAGAACATGTGT 

TGCCGATGATCCCGAATGGTGGCACTTTCAACGATGTCATAACGG 
AAGGAGATGGCCGGATTAAATACT GAGAGAT 

ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 

TGAAAGTGCCACCAirCGGGATCATCGGCMCACATGTTCTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 

GATCCCGAATGGTGGCA 
TGCCACCATTCGGGATC 

I CCGCGCTCGUCGACGCGCTGCTCGACT CCGTCCCGATGGTCG 

CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 

AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 
CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 
GCCAGGTCICCCGCCGC 

GCGGCGGGAGACCTGGC 



4394 



4395 
4396 



(JCGCGCTCGCUGACGCGCTGO rCGACTCCGTCCCGATGGTGGC" 

CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 

GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 
CCAGGTCCAACGCCGCA 

TGCGGCGTTGGACCTGG 

O'CGCGCTCGCCGACGCGCTGCl CUAC I CCG ICCCGATGGTCGC 

CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 

GAGCGGGTGACCTCGACT ATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 
GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 
CCAGGTCCAGCGCCGCA 

TGCGGCGCTGGACCTGG 



4398. 



4399 
4400 



4402 



mjUCATACTTGTTGGATATCATcGTCCCGCAcCA GGAGCATGTGC 

TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGT GATGGCAGGACTGTGTATTAATCTAT 

ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 

TGMTGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCMCMGTATGGCC 
GATCCCAAATGGGGGCG " 



4406 



4410 



4411 



WO 01/92512 



50 



PCT/US01/17672 



10 



15 



20 



25 



30 





Sulfonylurea 

Resistance 

ALS 

Zea mays 

Pro165Ser 

CCG-TCG 



Sulfonylurea 

Resistance 

ALS 

lea mays 

Pro165Gln 

CCG-CAG 



Imidazolinone 

Resistance 

ALS 

Zea mays 

Ser621Asn 

AGT-AAT 



Imidazolinone 

Resistance 

ALS 

Zea mays 

Ser621Asn 

AGT-AAC 





CGCCCCCATTTGGGATC 

TCCGCGCTCGCCGACGCGCTGCtCGAttCCGTCCCCATGeTCUi; 

CATCACGGGACAGGTGICGCGACGCATGATTGGCACCGACGCCT 

TCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 
AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 
GACAGGTGICGCGACGC 

GCGTCGCGACACCTGTC 



4414 



Sulfonylurea 
Resistance 
ALS 

LoBum muMowm 

Pro167Ser 

tra-TCG 



CCGCGCTCGCCGACGCGCT GC I CGA ITCCGTCCCCATGGTC( 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 

CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 
GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCMTCATGCGTCGCIGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 
ACAGGTGCAGCGACGCA 



TGCGTCGCIGCACCTGT 

GGCCGtACCTCTTGGATATAATCGTCCCACACCAGGAGCATU I « I 
TGCCTATGATCCCT AATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 



•17 



4418 



4419 



TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCATrAGGGATCATAGGCAACACATGCTCCTGGT 

GTGGGACGATTATATCCAAGAGGTACGGCC 



GATCCCTAATGGTGGGG 



CCCCACCATTAGGGATC 



4422 



4423 



4424 



GGCCGTACCTCTTGGATATAATCG I CCCACACCAGGAGUA IU I li I 
TGCCTATGATCCCTAACGGTGGGGCTTTCAAGGATATGATCCTGG 

ATGGTGATGGCAGGACTGTGTACTGATCTAA 
TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 

TGAMGCCCCACCGTrAGGGATCATAGGCAACACATGCTCCTGGT 

GTGGGACGATTATATCCAAGAGGTACGGCC 

GATCCCTAACGGTGGGG 



CCCCACCGTTAGGGATC 

'CCGCGCTCGCCGACGCCCTCCTCGACTCCaTCCcCAK 
CATCACGGGGCAGGTCICGCGCCGCATGATCGGCACGGACGCC 

TTCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 



4426 



4427 



AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 



4430 



WO 01/92512 



51 



PCT/US01/17672 





^^^^^^^^^^^^^^^^^^^^^^^^ 


Riiill 




tsisiit 

•n 

>x;:f:-:*»***:::;>>::::! 




GGCAGGTCICGCGCCGC 


4431 I 




GCGGCGCGAGACCTGCC 


4432 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGCC 
ATCACGGGGCAGGTCCAGCGCCGCATGATCGGCACGGACGCCT 

TCCAGGAGACGCCCATRGTfiRAfSRTrArrrftPTP 

I vunvWUnUUUUUn 1 ww 1 wwAww 1 V/nVVVwv 1 \s 


4433 


Lolium muMorum 

Pro167Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGMGGCGTCCG 

TGCCGATCATGCGGCGCIGGACCTGCCCCGTGATGGCCACCATG 
(V^ffiC\(yLGTcni&CifZA(vzfzr(vrr*rz(zrrzLrzrfir(zrz 


4434 




GCAGGTCCAGCGCCGCA 


4435 




TGCGGCGCTCGACCTGC 


4436 


Imidazolinone 

Resistance 

ALS 


CTGGGCCATACTTGTTGGATATCATCGTCCCtCACCAGGAGCATG 

B^B 1 ^V^B^B ^%BB> A BBB bIBl * BBB A A A BBB M A ^Bk. ^Bh ^^.^^k a ^k^^^^m^k - _ 

TGCTGCCTATGATCCCTAACGGTGGTGCTTTCAAGGACATTATCA 
TGGAAGGTGATGGCAGGATTTCGTATTAAAC 


4437 


/.o/Zum multiflorum 
Ser623Asn 
! AGC-MC 


GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCCTTGA 
MGCACCACCGFAGGGATCATAGGCAGCACATGCTCCTGGTGA 
GGGACGATGATATCCAACAAGTATGGCCCAG 


4438 


• 


GATCCCTAACGGTGGTG 


4439 




CACCACCGTTAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCAtGGTCGC 
CATCACGGGCCAGGTCICACGCCGCATGATCGGCACGGACGCGT 

TrPAfV3AfiAPfiPPf*ATA{Tr/^Aftf2Tf'AfY2f N fV v T 


4441 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGTG 
CCGATCATGCGGCGTGAGACCTGGCCCGTGATGGCGACCATGG 

ouM 1 OV3MU 1 uuMubMuMbUb 1 UbbObAbObUubA 


4442 




GCCAGGTCICACGCCGC 


4443 




GCGGCGTGAGACCTGGC 




Sulfonylurea 
Resistance 

ALS f 

bbbi 


CCGCGCTCGCCGACGCTCTCCtCGACTCCAtCCCCATGGTCGCC 
ATCACGGGCCAGGTCCAACGCCGCATGATCGGCACGGACGCGTT 

CCAGGAGACGCCCATAGTRflARfiTrAPftrfifTr 


4445 


Hordeum vulgare 

Pro68Gln 

CCA-CAA 


GAGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGT 
GCCGATCATGCGGCG7TGGACCTGGCCCGTGATGGCGACCATGG 
GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGG 


4446 




CCAGGTCCAACGCCGCA 


4447 




TGCGGCG7TGGACCTGG 


4448 1 



WO 01/92512 



* 

PCT/US0M7672 



-52- 




Imidazolinone 

Resistance 

ALS 

Hordeum vulgare 

Ser524Asn 

AGC-AAC 



CCCAGGGCCGTACCTGCTGGATATCATTGTCCCGCATCAGGAGC 

ACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGACATGA 

TCATGGAGGGTGATGGCAGGACCTCGTACTGA 



TCAGTACGAGGTCCTGCCATCACCCTCCATGATCATGTCCTTGAA 
AGCACCACCGTTTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 



4450 



GATCCCAAACGGTGGTG 



4451 



CACCACCGTTTGGGATC 



4452 



10 



Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Ser 

CCT-TCT 



AGTGGTCtCGCTGAtGCMTGCTdGATAGTAtCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 



4453 



ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 



4454 



GTCAAGTCTCTCGTCGG 



4455 



CCGACGAGAGACTTGAC 



4456 



15 



Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186G!n 

CCT-CAA 



GTGGTCtCGCtGATGCAAtGCtCGAtAGTATCCCTCTCGTGGCGA 
TCACTGGTCMGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 



GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACT ATCGAGCATTGCATCAGCGAGACCAC 



4458 



TCAAGTCCAACGTCGGA 



4459 



TCCGACGTTGGACTTGA 



4460 



10 



Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAG 



GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCMTTGTTGAGGTAACAAGGTC 



"335T 



GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 



4462 



TCAAGTCCAGCGTCGGA 



4463 



TCCGACGCTGGACTTGA 



4464 



15 



30 



Imidazolinone 

Resistance 

ALS 

Gossypium hirsutum 

Ser642Asn 

AGT-MT 



gaccttacttgttggatgtgattgtcccacatcmgaAcAtGtCCT 
gcctatgatccccaatggaggcgctttcaaagatgtgatcacaga 
gggtgatggaagaacacaatattgacctca 



4555 



TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATrGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 



4466 



GATCCCCAATGGAGGCG 



4467 



WO 01/92512 



PCT/US01/17672 



-53- 




Sulfonylurea 

Resistance 

ALS 

Amaranthus 
retroflexus 
Pro192Ser 
CCC-TCC 



Sulfonylurea 
Resistance 
ALS 

Amaranthus 
retroflexus 
Pro192Gln 
CCC-CAA 



Sulfonylurea 

Resistance 

ALS 

Amaranthus 
retroflexus 
Pro192Gln 
CCC-CAG 



Imidazolinone 
Resistance 
ALS 

Amaranthus 
retroflexus 
Ser652Asn 
AGC-AAC 



CGCCTCCATTGGGGATC 



4468 



l U I GGTCTTGC1 GAtGCACtTCtTGACTCAGTCCC TCTTGTCGCC 

A7TACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCT7TTC 
AAGAGACTCCAATTGTTGAGGTAACTCGAT ; 

ATCGAGTTACCTCAACMTTGGAGTCTCTTGAAAAGCATCAGTACC 

MTCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAG CAAGACCAGA 

GGCAAGTTTCCCGGCGT 
ACGCCGGGAAACTTGCC 



SCTGAl GCACTTCTI GACTCAGTCCCTCTTGTCGCCA 

TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCTTTTC 
AAGAGACTCCAATTGTTGAGGTAACTCGATr. 

GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATCATACGCCGTTGAACTTGCCCAGTMTGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAG CAAGACCAG 

GCAAGTTCAACGGCGTA 
TACGCCGTTGAACTTGC 



4469 



4470 



4471 
4472 



4473 



GTGGTCTTGCTGATGCAC' I ICI I GACTCAGTCCCTCTTGTCGCCA 

TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCTTTTC 
AAGAGACTCCMTTGTTGAGGTMCTCGATC 

gatcgagttacctcaacaattggagtctcttgaaaagcatcagtac 

caatcatacgccgstgaacttgcccagtaatggcgacmgaggg 
actgagtcaagaagtgcatcag caagaccag 

GCAAGTTCAGCGGCGTA 
TACGCCGCTGMCTTGC 



4474 



4475 
4476 



JCTGCTGGAI GIAAI CGTAcCACATCAGGAGCaTGTGC 

TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATMCAG 
AGGGTGATGGAAGAAGGGCTT ATTAGTTGGT 

ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 

TGAAGGCGGCACCGFAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGC AGATACGGTn 

GATCCCTAACGGTGCCG 



4478 



4479 
4480 



"TO" 



4482 



4483 



WO 01/92512 



PCT/US01/17672 



-54- 




iulfbnylurea 
Resistance 
ALS 1 

Nicotians tabacum 

Pro194Ser 

CCA-TCA 



ATBCGGCCTCGCTGACGCGCtACTGGATAGCGTCCCCATTGTTGC 
TATAACAGGTCAAGTGTCACGTAGGATGATAGGTACTGATGCTTTT 
CAGGAAACTCCTATTGTTGAGGTAACTAGAT 



ATCTAGTTACCTCAACMTAGGAGTTTCCTGAAAAGCATCAGTACC 
TATCATCCTACGTGACACTTGACCTG7TATAGCAACAATGGGGAC 
GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 



GTCAAGTGTCACGTAGG 




Sulfonylurea 
Resistance 
ALS 1 

Nicotiana tabacum 

Pro194Gln 

CCA-CAA 



ATMCAGGTCAAGTGCAACGTAGGATGATAGGTACTGATGCTTTT 
CAGGAAACTCCTATTGTTGAGGTAACTAGATC 



GATCTAGTTACCT C AACAATAGGAGTTTCCTGAAAAGCATCAGT AC 
CTATCATCCTACG7TGCACTTGACCTGTTATAGCAACAATGGGGA 
CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 



TCAAGTGCAACGTAGGA 



TCCTACGTTGCACTTGA 



4486 



4487 



4490 



4491 



4492 



Imidazolinone 

Resistance 

ALS1 

Nicotiana tabacum 

Ser650Asn 

AGT-AAT 



Sulfonylurea 
Resistance 
ALS 2 

Nicotiana tabacum 

Pro191Ser 

CCA-TCA 



GGCCAtACTTGTTGGAtGTGAttGTACCTCATCAGGAACAlGI 1 1 1 
ACCTATGATTCCCAATGGCGGAGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGAGTTTG 



CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 
TGAMGCTCCGCCATTGGGMTCATAGGTAAAACATGTTCCTGAT 

GAGGT ACAATCACATCCAACAAGT ATGGCC 



GATTCCCAATGGCGGAG 



CTCCGCCATTGGGAATC 

STGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTG 
TATMCCGGTCAAGTGTCACGTAGGATGATCGGTACTGATGCTTTT 
CAGGAAACTCCGATTGTTGAGGTAACTAGAT 



ATCTAGTT ACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTACC 
GATCATCCTACGTGACACTTGACCGGTTATAGCAACAATGGGGAC 

GCTATCCAGTAGGGCGTCCGCGAGGCCACT- 



GTCAAGTGTCACGTAGG 



Sulfonylurea 
Resistance 
ALS 2 

Nicotiana tabacum 
Pro1 91 Gin 
CCA-CAA 



ATMCCGGTCMGTGCMCGTAGGATGATCGGTACTGATGCTTTT 
CAGGAAACTCCGATTGTTGAGGTAACTAGATC . 



GATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTTGCACTTGACCGGTTATAGCAACAATGGGGA 

CGCTATCCAGTAGGGCGTCCGCGAGGCCAC 



TCAAGTGCAACGTAGGA 



4493 



4494 



4495 



4496 



4498 



4499 




4502 



4503 



WO 01/92512 



55 



PCT/US01/17672 



10 



15 



20 



25 



30 



Imidazolinone 
Resistance 
ALS2 

Nicotiana tabacum 

Ser647Asn 

AGT-AAT 



Sulfonylurea 

Resistance 

ALS 

Xanthium spp. 

Pro175Ser 

CCC-TCC 



Sulfonylurea 

Resistance 

ALS 

Xanthium spp. 

Pro175Gln 

CCC-CAA 



Sulfonylurea 
Resistance 
ALS 

Xanthium spp. 

Pro175Gln 

CCC-CAG 



Imidazolinone 

Resistance 

ALS 

Xanthium spp. 

Ala631Asn 

GCT-AAT 



TCCTACG1T6CACTTGA 

ATACTTGTTGGATG1 GA 1 1 GTaCCTCATCAGGMCATGtTCT 

ACCTATGATTCCCAATGGCGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGACTTTG 

CAAAGTCMTAGGMCTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCCCCGCCATTGGGMTCATAGGTAGAACATGTTCCTGAT 
GAGGTACAATCACATCCM CAAGTATfifirr 

GATTCCCAATGGCGGGG 
CCCCGCCAirGGGMTC 



4504 



4506 



4507 
4508 



AU I GGTCTTGC I UA I CjCTTTATTAGACAGTGTtCCAA I GGTTGCTA | 4509 

TTACTGGTCAAGTTTCCAGGAGMTGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTT 

MCGTGTTACCTCMCMTAGGGGTTTCTTGAAACGCATCTGTTCC I 4510 

AATCATTCTCCTGGAAACTTGACCAGTAATAGCAACCATTGGAACA 
CTGTCTAATAAAGCATCA GCAAGA^AnT 

GTCMGTTTCCAGGAGA 
TCTCCTGGAAACTT GAC 



GTGGTCTTGCTGATGC 1 1 IAI I AGACAGtGTTCCAATGGTTGCTA 

TACTGGTCMGTTCAAAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 

GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 

CAATCATTCTCC7TTC3AACTTGACCAGTMTAGCAACCATTGGMC 
ACTGTCTAATAAAGCATCA GCAAGAnnAn 

TCAAGTTCAAAGGAGM 
TTCTCCTTTGAACTTGA 



4511 



Gl (3GTCTTGC1 UA I yUTTTATTAGACAGTGTTCCAATGGTTGCTAT 

TACTGGTCAAGTTCAGAGGAGAATGATTGGAACAGATGCGT7TCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 

GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 

CMTCATTCTCCTCTGAACTTGACCAGTMTAGCAACCATTGGAAC 
ACTGTCTMTAAAGCATC AGCAAGAnOAn 

TCAAGTTCAGAGGAGAA 
TTCTCCTCTGAACTTGA 



4514 



4515 
4516 



SGuui ial i Ibl IUUATGTGATCGTGCCCCATCAAGAACATGTG" 
TTGCCCATGATCCCGAATGGTGGAGGTTTCATGGATGTGATCACC 
GAAGGCGACGGCAGAATGAAATATTGAGCTT 

AAGCTCAATATTTCATTCTGCCGTCGCCTTCGGTGATCACATCCAT 

GAAACCTCCACCAJTCGGGATCATGGGCAACACATGTTCTTGATG 
GGGCACGATCACATCCAACAAGTAAfifinnn 



1517 



4518 



4519 
4520 



452T 



4522 



WO 01792512 



56 



PCT/US01/17672 















% 

w3 




1 








IN 



m 




Sulfonylurea 

Resistance 

ALS 

Bass/a scoparia 

Pro189Ser 

CCG-TCG 



Sulfonylurea 

Resistance 

ALS 

Bass/a scoparia 

Pro189Gln 

CCG-CAG 



Imidazolinone 

Resistance 

ALS 

Bassia scoparia 

Ser649Asn 

AGT-AAT 



Sulfonylurea 
Resistance 
ALS1 

Brassica napus 

Pro182Ser 

CCT-TCT 



TGATCCCGAATGGTGGA 



TCCACCAT[CGGGATCA 



TCCGGGTTtGCTGAtGCTTTGCTCGATTCCGTTCCACTGCSTCiyUb 
ATCACGGGGCAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 

TCAGGAGACTCCTATTGTTGAGGTAACACGGT • 

ACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCATTCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAACCCGGA 
GGCAGGTGTCGCGGCGA 

TCGCCGCGACACCTGCC 

CCGGGTTTGCtGATGCTTTGCTCGATTCCGTTCCAC I Ub I GGCGA 
TCACGGGGCAGGTGCAGCGGCGAATGATTGGGACGGATGCTTTT 

CAGGAGACT CCTATTGTTGAGGTAAC ACGGTC 
GACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCATTCGCCGCIGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 

GCAGGTGCAGCGGCGAA 
TTCGCCGCIGCACCTGC 



4523 



GACCtrACCtGCTtGAtGTGATTGTACCTCAtCAGGAGCATCi I (3U 
TGCCTATGATTCCTAAJGGTGCAGCCTTCAAGGATATCATTAACGA 

AGGTGATGGAAGAACAAGTTATTGATGTTC 
GAACATCAATAACTTGTTCTTCCATCACCTTCGTTMTGATATCCTT 

GAAGGCTGCACCATTAGGAATCATAGGCAGCACATGCTCCTGATG 

AGGTACAATCACATCAAGCAGGT AAGGTC 

GATTCCTAATGGTGCAG 

CTGCACCAFAGGAATC 

AGCGGGTTAGCAGACGCGATGCTTGACAGTGT ruu I U 1 1 GTCl 
CAmCAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCCTT 

CCAAGAGACACCMTCGTTGAGGTAACGAGGT 
ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTAATGGCGACAAGAGGA 

ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 

GACAGGTCTCTCGCCGG 



4524 



CCGGCGAGAGACCTGTC 



4526 



4527 
"4528 



4530 



4531 
4532 



4533 



4534 



4535 
4536 
H3T 



4538 



4539 



4540 



WO 01/92512 



PCT/US01/17672 



-57- 



10 



15 



20 



25 



30 



iutfonylurea 
Resistance 
ALS1 

Brassica napus 

Pro182Gln 

CCT-CAA 



iutfonylurea 
Resistance 
ALS1 

Brassica napus 

Pro182Gln 

CCT-CAG 



Imidazolinone 
Resistance 
ALS1 

Brassica napus 

Ser638Asn 

AGT-AAT 



Sulfonylurea 
Resistance 
ALS2 

Brassica napus 

Pro126Ser 

CCC-TCC 



Sulfonylurea 
Resistance 
ALS2 

Brassica napus 

Pro126Gln 

CCC-CAG 



UUUUeTTAGCAGACGCGATGCnGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCCTT 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 



c.v.vXvXv-:- 



GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 

CCGATCATCCGGCGTTGGACCTGTCCTGTAATGGCGACAAGAGG 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 
ACAGGTCCAACGCCGGA 

TCCGGCGTTGGACCTGT 



iTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGtCGCC 

ATTACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCCTT 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 

GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 

CCGATCATCCGGCGCTGGACCTGTCCTGTMTGGCGACAAGAGG 
AACACTGTCAAGCATCGCG TCTGCTAACCCGC 

ACAGGTCCAGCGCCGGA 
TCCGGCGCTGGACCTGT 



HI 



4541 



4542 



4543 



GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGtGT 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 
AGGGGATGGTCGCACTAAGTACTGAGAGAT 

ATCTCTCAGTAC7TAGTGCGACCATCCCCTTCTGTTATTACATCTT 

TGAAAGTGCCACCAirrGGGATCATCGGTMCACATGTTCTTGGT 
GCGGACATATCACATCCAACAGGTATGGTC 

gatcccaaatggtggca 
tgccaccatttgggatc 

:agcgggttaguac3AcgcgatGCttgAcagtGttcctcttgtcg' 

CCATTACAGGACAGGTTCCTCGCCGGATGATCGGTACTGACGCC 
TTCCAAGAGACACCAATCGTTGAGGTAACGAGG 

CCTCGTTACCTCMCGATTGGTGTCTCTTGGMGGCGTCAGTACC 

GATCATCCGGCGAGGAACCTGTCCTGTAATGGCGACAAGAGGAA 
CACTGTCAAGCATCGCGTC TGCTAACnnfifrrn 

GGACAGGTTCCTCGCCG 



4546 



4547 
4548 



4550 



CGGCGAGGAACCTGTCC 



AGUC3GGTTAGCAGACGCGATGC 1 1 GACAGTGTTCCTCTTGTCGC 
CATTACAGGACAGGTCACTCGCCGGATGATCGGTACTGACGCCT 
TCCAAGAGACACCAATCGTTGAGGTAACGAGGT 

ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 

CGATCATCCGGCGAGTGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTC TGCTAACCCGCT 

GACAGGTCACTCGCCGG 



4554 



4555 



4556 



4557 



4558 



4559 



WO 01/92512 



58 



PCT/US01/17672 




Imidazolinone 
Resistance 
ALS2 

Brassica napus 

Ser582Asn 

AGT-AAT 



Sulfonylurea 

Resistance 

ALS3 

Brassica napus 

Pro179Ser 

CCT-TCT 



iuitonylurea 
Resistance 
ALS3 

Brassica napus 

Pro179Gln 

CCT-CM 



Sulfonylurea 

Resistance 

ALS3 

Brassica napus 

Pro179Gln 

CCT-CAG 



Imidazolinone 
Resistance 

ALS3 

Brassica napus 
Ser635Asn 




CCGGCGAGTGACCTGTC 

GT^ATACCTGTf GGATGTuA I ATGTdCGCACCAAGAACT? 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTMGTACTGAGAGAT 

ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 

GCGGACATATCACATCCAACAGGTATGGTC 
GATCCCAAATGGTGGCA 

TGCCACCATTTGGGATC 



GCTTGACAGTGTTCC1 ClU(il CGC 



AGCGGGTTAGCUGACI 

CATCACAGGACAGGTCICTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 
ACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 

ACACTGTCAAGCATCGCGTCGGCTAACCCGCT 

GACAGGTCTCTCGCCGG 

CCGGCGAGAGACCTGTC 

P AGCCGACGCGAt GCTTGACAGTGTTCCTU I U3 I O 
Af(^CAG<3ACAGGTCCAACGCCGGATGATCGGTACTGACGCGTT 

CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 
GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 
ACAGGTCCAACGCCGGA 

TCCGGCGTTGGACCTGT 

gcgggitagccgacgcgatgc i tgacagtgttcu i u i rc< 

ATCACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCGTT 

CCAAGAGACGCCAATCGTTGAGGT AACGAGGTC 
GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGCIGGACCTGTCCTGTGATGGCGAC6AGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 
ACAGGTCCAGCGCCGGA 



TCCGGCGCTGGACCTGT 



"GACCGTACcrGtTGGATGtCATCTGTCCGCACCMGAACA I U I U I 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACCG 

AAGGGGATGGTCGCACTAAGTACTGAGAGAT 



ATCTCTCAGTACTTAGTGCGACCATCCCCTTCGGTTATTACATCTT 
TGAAAGTGCCACCAITTGGGATCATCGGTAACACATGTTCTTGGT 

firaGACAGATGACATCCAACAGGTACGGTC 



4562 



4563 
4564 



"4565" 



4566 



4570 



4574 



4575 
4576 




WO 01/92512 



PCT/US01/17672 



-59- 



10 



15 



20 




mm 



Sulfonylurea 

Resistance 

ALS 

Oryza sativa 

Pro171Ser 

CCC-TCC 



Sulfonylurea 
Resistance 
ALS 

Oryza sativa 

Pro171Gln 

CCC-CAA 



Sulfonylurea 

Resistance 

ALS 

Oryza sativa 

Pro171Gln 

CCC-CAG 



Imidazolinone 
Resistance 
ALS 

Oryza sativa 
Ser627Asn 
AGT-AAT 





mm 







GATCCCAAATGGTGGCA 



TGCCACCATTTGGGATC 



TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 

AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCG CGTCGGCGAGCGCGGA 

GCCAGGTCTCCCGCCGC 
GCGGCGGGAGACCTGGC 

UUU3C I CGCCGACGCGCl GC I CGACTCCGtCcCGAtGGTCGC" 

CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 

GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGUGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGT CGGCGAGCGCGG 

CCAGGTCCAACGCCGCA 
TGCGGCGTTGGACCTGG 

UGCGCTCGCCGACGCGCTGC 1 CGACTCCGTCCCGATGGTCGC 

CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 

GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 
GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 
CCAGGTCCAJ3CGCCGCA 

TGCGGCGCTGGACCTGG 



4579 



4580 



4581 



4582 



4586 



4587 



WiUUATACTTG I TGGATATCATCGTCCCGCACCAGGAGCATgTGC 

TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 

ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 

TGAATGCGCCCCCAjrTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAA CAAGT ATGQCr 

GATCCCAAATGGGGGCG 
CGCCCCCAIITGGGATC 



4590 



4591 
4592 



"4593 



4594 



4595 
4596 



* 



WO 01/92512 



60 



PCT/US01/17672 




iulfbnylurea 
Resistance 
ALS 

Zea mays 
Pro165Ser 
CCG-TCG 



CTGCGCTCGCAGACGCOTGCTCGACTOXsTCCCCATGGTCGC 
CATCACGGGACAGGTGICGCGACGCATGATTGGCACCGACGCCT 

TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 



AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA . 



GACAGGTGTCGCGACGC 



iulfbnylurea 
Resistance 
ALS 

Zea mays 
Pro165Gln 
CCG-CAG 



GCGTCGCGACACCTGTC 

TGCGCTCGCAGACGCGTTGCtCGACTCCGTCCCCATGGTCCjUt; 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 

TCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 



GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 
GCCAATCATGCGTCGCIGCACCTGTCCCGTGATGGCGACCATGG 
GGACGGAGTCGAGCAACGCGTCTGCGAGCGCAG 



ACAGGTGCAGCGACGCA 



Imidazolinone 

Resistance 

ALS 

Zea mays 

Ser621Asn 

AGT-AAT 



TGCGTCGCTGCACCTGT 

GGCCGTACCTCTTGGAtATAAtCGTCCCGCACCAGGAGCATGTUI 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 



ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCAITAGGGATCATAGGCAACACATGCTCCTGG 
TGCGGGACGATTATATCCAAGAGGT ACGGCC 



GATCCCTAATGGTGGGG 



CCCCACCAITAGGGATC 



Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Ser 

CCT-TCT 



iulfonylurea 
Resistance 
ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAA 



AGtGGTCTCGCtGATGCMtGCTCGATAGTATCCCTCTCGTbtiUG 
ATCACTGGTCAAGTCICTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTT6AGGTAACAAGGT 



ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAMGCATCGGTAC 
CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 
ATACTATCGAGCATTGCATCAGCGAGACCACT 



GTCAAGTCTCICGTCGG 



CCGACGAGAGACTTGAC 

GTGGTCTCGCTGATGCAATG0TCGATAGTATCCCTCTCGTC3fJU(iA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACMGGTC 



GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 



TCAAGTCCAACGTCGGA 



4598 



4599 



4600 



4602 



4603 



4606 



4607 



4608 



4610 



4611 



4614 



4615 



WO 01/92512 



PCT/US01/17672 



-61- 



10 



15 



20 



25 



30 



TCCGACGTTGGACTTGA 



Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAG 



GTGGTCTCGCTGATGCAATGCTCGATAGtAtCCCTCtCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 



GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCIGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 



TCAAGTCCAGCGTCGGA 



TCCGACGCTGGACTTGA 



Imidazolinone 

Resistance 

ALS 

Gossypium hirsutum 

Ser642Asn 

AGT-MT 



GACCTTACTTGTTGGATGTGATtGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGGGCTTrCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 



TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCCCCTCCAFGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 



GATCCCCAATGGAGGGG 



CCCCTCCATTGGGGATC 



Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Ser 

CCC-TCC 



Sulfonylurea 
Resistance 
ALS 

Amaranthus powellii 

Pro192Gln 

CCC-CAA 



TCTGGTCTTGCtGATGCACtTCttGACtCAGTCCCTCtTGtCGCC 

ATTACTGGGCMGTTTCCCGGCGTATGATTGGTACTGATGCTTTTC 

AAGAGACTCCAATTGTTGAGGTAACTCGAT 



ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

AATCATACGCCGGGAAAC7TGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 



GGCMGTTTCCCGGCGT 



Sulfonylurea 
Resistance 
ALS 

Amaranthus powellii 

Pro192Gln 

CCC-CAG 



ACGCCGGGAAACTTGCC 

U I GGTCTTGCTGATGCACTTCtTGACTCAGTCCCTCTTGTCl 
TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGC' 
AAGAGACTCCAATTGTTGAGGTMCTCGATC 



GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCMGACCAG 



GCAAGTTCAACGGCGTA 



TACGCCGTTGAACTTGC 

TOGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCnGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCTTTTC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 



4616 



^4617 



GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 
ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 



4618 



4619 



4620 



^62T 



4622 



4623 



4624 



4625 



4626 



4627 



4628 



4630 



4631 



4634 



WO 01792512 



62 



PCT/US01/17672 













iSEQID 

NH 




GCAAGTTCA6CGGCGTA 


4635 




TACGCCGCTGAACTTGC 


4636 


Imidazolinone 

Resistance 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 

* 

TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4637 


Amaranthus powellii 

Ser652Asn 

AGC-MC 


ACCAACTAATMGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4638 




GATCCCTAACGGTGCCG 


4639 




CGGCACCGTTAGGGATC 


4640 



WO 01/92512 



PCI7US01/17672 



-63- 



Table 12 

Genome-Alte rina Oliaos Conferring Porohvric Herbicide Resistance 




Porphyric Herbicide 

Resistant 

PPO 

Arabidopsis thaliana 

Val365Met 

GTT-ATG 



TCTTGCGCCCTCTTTCTGAATCTGCTGCAAATGCACTCTCAAAACT 

ATATTACCCACCMTGGCAGCAGTATCTATCTCGTACCCGAAAGA 

AGCAATCCGAACAGAATGTTTGATAGATGG 



iflltliipil 



Mm 



CCATCTATCAAACATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 
TAGATACTGCTGCCATrGGTGGGTAATATAGTTTTGAGAGTGCATT 
TGCAGCAGATTCAGAAAGAGGGCGCAAGA 



CCCACCAATG.GCAGCAG 



CTGCTGCCATTGGTGGG 



4641 



4642 



4643 



4644 



Porphyric Herbicide 

Resistant 

PPO 

Nicotiana tabacum 

Val376Met 

GTT-ATG 



Porphyric Herbicide 
Resistant 
PPO 

Cichorium intybus 
Val383Met 
GTT-ATG 



rAnACGTCCTCTTTCGGUGCCGCAGCAGATGCACTTTCAAATTT 

CTACTATCCCCCAATGGGAGCAGTCACAATTTCATATCCTCAAGAA 
GCTATTCGTGATGAGCGTCTGGTTGATGG 



CCATCAACCAGACGCTCATCACGAATAGCTTCTTGAGGATATGM 
ATTGTGACTGCTCCCATTGGGGGATAGTAGAAATrTGAAAGTGCA 
TCTGCTGCGGCAACCGAAAGAGGACGTAATA 



TCCCCCAATGGGAGCAG 



CTGCTCCCATTGGGG6A 

TGTTGCGTCCGC 1 1 1 CGTTGGGTGCAGCAGATGCATf GTCAAAAT 

TTTATTATCCTCCGATGGCAGCTGTATCAATTTCATATCCAAAAGA 
CGCAATTCGTGCTGACCGGCTGATTGATGG 



CCATCAATCAGCCGGTCAGCACGMTTGCGTCTTTTGGATATGAA 
ATTGATACAGCTGCCAICGGAGGATMTAAAATTTTGACAATGCAT 
CTGCTGCACCCAACGAAAGCGGACGCAACA 



TCCTCCGATGGCAGCTG 



Porphyric Herbicide 
Resistant 
PPO 

Spinacia oleracea 
VaJ390Met 
GTT-ATG 



CAGCTGCCATCGGAGGA 

TCCTTCGTCCACTTTCAGATGTCGCCGCAGMTCTCTTTCAAAATT 
TCAnATCCACCAATfiGCAGCTGTGTCACTTTCCTATCCTAAAGAA 
GCAATTAGATCAGAGTGCTTGATTGACGG 



CCGTCAATCAAGCACTCTGATCTAATTGCTTCTTT AGGATAGGAAA 

GTGACACAGCTGCCAFGGTGGATMTGAMTTTTGAAAGAGATTC 
TGCGGCGACATCTGAAAGTGGACGMGGA 



TCCACCAATG.GCAGCTG 



CAGCTGCCATTGGTGGA 



4646 



4647 



4648 



■4649 



4650 



4651 



4652 
4653 



4654 



4655 



4656 



WO 01/92512 



64 



PCT/US01/17672 







mmmm 

mmm 

wmm 


Porphyric Herbicide 
Resistant 

PPO 

Zea mays 

Val363Met 

GTT-ATG 


TTTTGCG 1 CCACTTtCMGCGATGCTGCAGATGCTCTATCAAGATT 
CTATTATCCACCGAJGGCTGCTGTMCTGTTTCGTATCCAAAGGM 

/V*AATTA/"»AAA A^AATfV v rTAATT/iATY2/2 

VsUAAl 1 AoAAAAvjAA 1 1 1 AAI 1 oAloo j 


4657 


CCATCAAI IAAGCAI ICI 1 1 1 CI AAI IGCI 1 CCTI TGGATACGAAAC 

AGTTACAGCAGCCAICGGTGGATAATAGAATCTTGATAGAGCATC 

TGCAGCATCGCTTGAAAGTGGACGCAAAA 


4658 


TCCACCGATGGCTGCTG 


4659 


CAGCAGCCATCGGTGGA 


4660 


Porphyric Herbicide 

Resistant 

PPO 

Oryza sativa 

Val364Met 

GTT-ATG 


tcttgCGgccactttcaaGtgatgcagCagatgctctgtcaatatt 
ctattatccaccaatggctgctgtaactgtttcatatccaaaagaa 

ma a ATT A A A A A/"* A ATO /"\ | 1 A ATT/^AA^/^ 

GCAATTAGAAAAGAAT(3C»I I AAI lUAL-ob 


4661 


CCGTCMTTMGCATTCTmCTMTTGCnTCTTTTGGATATGAAAC 
AGTTACAGCAGCCATrGGTGGATAATAGAATATTGACAGAGCATCT 
GCTGCATCACTTGAAAGTGGCCGCAAGA 


4662 


TCCACCAATGGCTGCTG 


4663 


CAGCAGCCATTGGTGGA 


4664 


Porphyric Herbicide 

Resistant 

PPO 

Chlamydomonas 
reinhardtii 
Val389Met 
GTG-ATG 


CTGGTCAAGGAGCAGGCGCCCGCCGCCGCCGAGGCCCTGGGCT 
CCTTCGACTACCCGCCGATGGGCGCCGTGACGCTGTCGTACCCG 
CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 


4665 


CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 


4666 


ACCCGCCGATGGGCGCC 


4667 


GGCGCCCAJCGGCGGGT 


4668 



Table 13 

Genome-Alterina Ofiaos Conferring Triazine Resistance 



.i'i.-.-.-.".'.M.».i.i.,v55<: 




Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 




AAACTT ACAACATTGTAGCTGCTCACGGTT ATTTTGGCCGATTGAT 
TnCCMTATGCTACJTTCMCMTTCTCGTTCTTTACATnCTTCTT 

AGCGGCTTGGCCGGTAGTAGGTATTTG 



4669 



CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 



4670 



WO 01/92512 



PCT/US01/17672 



-65- 



10 



15 



20 



25 



ATATGCTACTTTCAACA 
TGTTGAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Nicotiana tabacum 
Ser264Thr 
AGT-ACT 



Tnaane Resistant 
D1 Protein 
Populus dettoides 
Ser264Thr 
AGT-ACT 



S43 



m 



as 



4671 
4672 



AAACTTAi AACATCGTAGCCGCTCATGGTTAT 1 1 1 GGCCGATTGAT 

CnCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGT AGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATGTTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 

AAACTTATAATA rUGTAGCCGCl CA I GG I IAI 1 1 1 GGCCGATTGAT 

CTTCCMTATGCTACTmMCMCTCTCGCTCTTTACATTTCTTCT 
TAGCJGCTTGGCCTGTAGTAGGTATCTG 



4673 



4674 



4675 



CAGATACCTACTACAGGCCAAGCAGCTMGMGAAATGTAAAGAG 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCGGCTACGATATTATAAGTTT 



ATATGCTACJTTTAACA 



TGTT AAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Petunia x hybrida 
Ser264Thr 
AGT-ACT 



4678 



4679 



4680 



AMCTTATMTATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTMCGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
JAACCATGAGCGGCTACGATATTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Magnolia pyramid ata 
Ser264Thr 
AGT-ACT 



AAAUTTATAATATCGTAGCTGCT CA I GG I IAI 1 1 IGGCCGAHGAT 

CTTCCMTATGCTACTTTCMCMTTCTCGnCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



4681 



4682 



4683 



4684 



CAGATACCTACTACAGGCCAAGCAGCTAGGMGAAATGTAMGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACGATATTATAAGTTT 



nazine Resistant 
D1 Protein 
Medicago sativa 
Ser264Thr 
AGT-ACT 



ATATGCTACTTTCAACA 
TGTTGAAAGTAGCATAT 

AMCCTATMTATTGTAGCAGCTCATGGlTATrTTGGCCGATTGAl 

CTTCCMTATGCTACTTTCMCMCTCTCGTTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 

CAGATACCTACTACAGGCCAAGCAGCTAGGMGAAATGTAAAGM 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCMTCGGCCAAAA 
TMCCATGAGCTGCTAC AATATTATAGGTTT 

ATATGCTACTTTCAACA 



4685 



4686 



4690 



4691 



WO 01/92512 



66 



PCT/US01/17672 













ttHHi 




TGTTGAAAGTAGCATAT 


4692 


Triazine Resistant 
D1 Protein 
Glycine max 


AAACCTATAATATTGTAGCTGCtCAIGGI IAI 1 1 1 GGCCGATTGAT 
CTrCCMTATGCMCTTTCMCMnCTCGTTCTTTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4693 


Ser264Thr 
AGT-ACT 

• 


CAAATACCTACTACAGGCCAAGCAGCTMGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAGGTTT 


4694 




ATATGCAACTTT CAACA 


4695 




TGTTGAAAGTTGCATAT 


4696 


Triazine Resistant 
D1 Protein 
Brassica napus 


AAacttaCAAcattGtagcTgcicAcggi IAI 1 1 IGGCCGAl igai 

CTTCCMTATGCTACTrrCMCMTTCTCGTTCmACATTTCTTCT 

tagcggcttggccggtagtaggtatttg 


4697 


Gly264Thr 
GGT-ACT 


caaatacctactaccggccaagccgctaagaagaaatgtaaagaa 
cgagaattgttgaaagtagcatattggaagatcaatcggccaaaat 
aaccgtgagcagctacaatgttgtaagttt 


4698 




atatgctactttcaaca 


4699 




TGTTGAAAGTAGCATAT 


4700 


Triazine Resistant 
D1 Protein 
Oryza saliva 


AAACTTATMTATTGTGGCCGCTCATGGTTATTTTGGCCGATTAAT 
CTTCCAATATGCTAC 1 1 1 1 AACAACTCTCGTTCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 


4701 


Ser264Thr 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 

AACCATGAGCGGCCACAATATTATAAGTTT 


4702 


• 


ATATGCTACTTTTAACA 


4703 




TGTTAAAAGTAGCATAT 


4704 


Triazine Resistant 
D1 Protein 
Zea mays 


AGACTTATAATATTGTGGCTGCTCaCGGTTAI iiiggicgai iaai 
CTTCCMTATGCTACTTrCMCMnCTCGnCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGT AGGGATCTG 


4705 


Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 


4706 




ATATGCTACJTTCAACA 


4707 






4708 


Triazine Resistant 

1 I IliUI IV ■ %WWlWlMI Ik 

D1 Protein 
Arabidopsis thaliana 


AMCTTACMCATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 

9 W W 9) WW \ m 9W*r %B m^mWm 7 * V ■ ■ ™ • ^mW ^mW 9 w^0W w^gw 9 • **** •mMaW ^mW w WW mm W w •wmw -wmw -wmw -m** mm w w -mmw-w » -m 

mCCAATATGCTACrnTCMCMTTCrrCGncmACATTTCTTCTT 
AGCGGCTTGGCCGGTAGT AGGTATTTG 


4709 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTT GAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAG 1 1 1 


4710 




ATATGCTACTTTCAACA 


4711 




TGTTGAAAGTAGCATAT 


_4712j 



WO 01/92512 



67 



PCT/USO 1/17672 




riazine Resistant 
D1 Protein 
Nicotiana tabacum 
Ser264Thr 
AGT-ACT 



AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGA' 
CnCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGT ATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



"4713" 



4714 



4715 



4716 



Triazine Resistant 
D1 Protein 
Populus deltoides 
Ser264Thr 
AGT-ACT 



AAACTTATAATATCGTAGCCGCTCATGGTTAI 1 1 1 GGCCGATTGAT 

CTTCCMTATGCTACJITrMCMCTCTCGCTCTrTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCGGCTACGATATTATAAGTTT 



ATATGCTACTTTTAACA 



TGTTAAAAGTAGCATAT 



#17 



4718 



4719 



4720 



Triazine Resistant 
D1 Protein 
Petunia x hybrid a 
Ser264Thr 
AGT-ACT 



Tnazine Resistant 
D1 Protein 

Magnolia pyramidata 

Ser264Thr 

AGT-ACT 



AAACTTATAATATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 

CnCCMTATGCTACTTTCAACAACTCTCGTTCGnACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTMCGAA 
CGAGAGTTGTT GAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATATTATMGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 

AAACTTATAATATCGTAGCTGCTCATGGTTAI 1 1 1 GGCCGATTGAl 
CTTCCMTATGCTACjnCMCMTTCTCGnCTTTACATTTCTTC( 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACGATATTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



Triazine Resistant 
D1 Protein 
Medicago sativa 
Ser264Thr 
AGT-ACT 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGM 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4721 



4722 



4723 



4726 



4727 



4728 



AAACCTATAATATTGTAGCAGC ICAlGGI I Al 1 1 1 GGCOGA I TGAT I 4729 

CTTCCMTATGCTACTTTCMCMCTCTCGTTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



4730 



4731 



4732 



WO 01/92512 



PCT/US01/17672 



-68- 









mmmm 

mm 

mm 




Triazine Resistant 
D1 Protein 
Glycine max 


AAAC(^ATMTaTTGTAGCTGCTCATGGTTATT|-|GGCCGATTGAT 
CTrCCMTATGCMCmCMCMTTCTCGTTCTTTACAnTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4733 


5 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGAGAATTG7T GAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAGGTTT 


4734 






ATATGCAACTTTCAACA 


4735 






TGTTGAAAGTTGCATAT 


4736 




Triazine Resistant 
D1 Protein 
Brassica napus 


AAACTTACAACATTGTAGCTGCICACGGI IAI 1 1 1 GGCCGATTGAT 

WW %W WW ■ ^9Ww ■ W W 9 WEWW 9 WW ~ ^WWrW V ■ ■ ^UWW WW w ^mw*^ ^ww* ■ ^^m* w « ™ » w w ■w m w » w — — ^ — 

CTTCCMTATGCTACTTTCMCMTTCTCGTTCTnACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4737 


10 


G!y264Thr 
GGT-ACT 

■ 


AW AAA A AV AA A AV A^M A A^At AW AW. A^A. A^L AVA A A A% A^t Alftfc AlAV AlAkJ^A* A A AlAv A A AfAk AAA AS^M A^K%*aW AAA A**A A A 

CAAATACCTACTACCGGCCAAGCCGCT AAGMGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAG 1 1 1 


4738 






ATATGCTACTTTCAACA 


4739 






TGTTGAAAGTAGCATAT 

9 wmmW v 9 ^mwWwl Mm ww ww m ww m m 9^ m w r wwW9 www w W 


4740 




Triazine Resistant 


AMCnATMTATTGTGGCCGCTCATGGTTATTTTGGCCGATTAAT 


4741 




D1 Protein 


CTTCCAATATGCTAC 1 1 1 1 AACAAC 1 C 1 CG 1 ICI 1 IACACI ICI ICI 






Oryza sativa 


TGGCTGCTTGGCCTGTAGTAGGGATTTG 




15 


Ser264Thr 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGMGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGC C ACAATATTATAAGTTT 


4742 






ATATGCTACJTTT AACA 


4743 






TGTTAAAAGTAGCATAT 


4744 




Triazine Resistant 
D1 Protein 


AGACTTATMTAnGTGGCTGCTCACGGTTATTTTGGTCGATTAAT 

¥ W >^ ■ WWW 9 ■ A A A A WW WWW WW A *wwW 9 *WWW W^uww wmW 9 wWWW wtWW 9 *wWw w-WwW ^MuW r WMmW W W m w ■ W 9 • *MBW ^BW W ^BW ^WW*w m w w w -mr w w 

CTTCCMTATGCTACrrrCMCMTTCTCGnCTTTACACTTCTTCT 

Vkrnw • 1 W^r« W » a ¥ » 9 *wwW*wmW 9 m * *wW www *wwwm Aff \*mwww V * I ■ *mww 9 *www V • ■ ^mbw ■ t mm m^Mwww w wggw 9 m ^mmw 9 » ■ 


4745 




Zea mays 


TGGCTGCTTGGCCTGTAGTAGGGATCTG 




20 


Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 


4746 






ATATGCTACTTTCAACA 


4747 








4748 




Triazine Resistant 

V • P^aAAAMS 9 *Ww V ^wwFwmW99MW AAVAA ■ w 

D1 Protein 


AMCTTACMCATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
TTTCCMTATGCTACTITrCMCMTTCTCGTTCTTT ACATTTCTTCTT 


4749 




Arabidopsis thaliana 


AGCGGCTTGGCCGGTAGTAGGTATTTG 




25 


Ser264Thr 
AGT-ACT 


CAMTACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAG 1 1 1 


4750 






ATATGCTACTTTCAACA 


4751 






TGTTGAAAGTAGCATAT 


4752 



WO 01/92512 



69 



PCT/DS01/17672 



10 



15 



20 



25 



Triazine Resistant 
D1 Protein 
Picea abies 
Ser264Thr 
AST-ACT 



AAACCl AUAA I attgtggctgctcaCGgttatttcggCcgatTgat 

CTTCCAGTATGCTACTnCMCMCTCCCGTTCTITACATTTCTTCT 
TAGCTGCTTGGCCCGTAGCAGGTATCTG 

CAGATACCTGCTACGGGCCMGCAGCTMGAAGAAATGTAAAGAA 

CGGGAGTTGTTGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 
TAACCGTGAGCAGCCACAATATTGTAGGTTT 

GTATGCTACTTTCAACA 



Triazine Resistant 
D1 Protein 
Vicia faba 
Ser264Thr 
AGT-ACT 



Triazine Resistant 
D1 Protein 

Hordeum vulgare 

Ser264Thr 

AGT-ACT 



l riazine Resistant 
D1 Protein 
Triticum aestivum 
Ser264Thr 
AGT-ACT 



Triazine Resistant 
D1 Protein 
Vigna unguiculata 
Ser264Thr 
AGT-ACT 



4754 



4755 
4756 



.. ......... .vmww.uwiwnwwi mi I I I OuObUn I IV3AI 

CTTCCMTATGCTACTTTCMCAATTCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGT AGTAGGTATCTG 

CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAMGAG 

CGAGMTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 

ATATGCTACTTTCAACA 
TGTTGAAAGTAGCATAT 



AGACTTATAATATTGTGGCTGCTCATGGTTATTTTGGCCGATTMT 

CTTCCMTATGCTACmCMCMCTCTCGTTCTTTACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGAATCTG 

CAGATTCCTACTACAGGCCMGCAGCCAAGAAGAAGTGTAAAGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACMTATTATAAGTCT 

ATATGCTACTTTCAACA 



"4757 



4758 



4759 
4760 



TGTTGAAAGTAGCATAT 



AAACTTATAATATTGTGGCTGG I CAI GU I IAI 1 1 IGGCCGATTAAT 

CnCCMTATGCTACmCMCMCTCTCGTTCTTTACACTTCnCT 
TGGCTGCTTGGCCTGTAGTAGGAATCTG 

CAGATTCCTACTACAGGCCAAGCAGCCMGAAGAAGTGTAAAGAA 
CGAGAGTT GTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTTT 
ATATGCTACTTTCAACA 

TGTTG AAAGTAGCATAT 

A I AATATTGTAGCTGC I tA I bG I IAI 1 1 IGGCCGATTAA. * 
TTCCMTATGCMCTTTCMCMTTCTCGTTCTTTACATTTCTTCCT 
AGCTGCTTGGCCTGTAGTAGGT ATTTG 

CAAATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGMGATTAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAAGTTT 
ATATGCAACTTTCAACA 

TGTT G AAAGTTGCATAT 



4761 



4762 



4763 



4764 
1765" 



4766 



4767 
4768 
4769 



4770 



WO 01/92512 



PCT/US01/17672 



-70- 



10 



15 



20 



25 




Triazine Resistant 
D1 Protein 
Lotus japonicus 
Ser264Thr 
AGT-ACT 



riazine Resistant 
D1 Protein 
Sinapis alba 
Ser264Thr 
AGT-ACT 



Triazine Resistant 
D1 Protein 
Pisum sativum 
Ser264Thr 
AGT-ACT 



Triazine Resistant 
D1 Protein 
Spinacia o/eracea 
Ser264Thr 
AGT-ACT 



Triazine Resistant 
D1 Protein 
Nicotiana debneyi 
Ser264Thr 
AGT-ACT 



AMCCtATMTATTGTAGCTGCTCAUUUn^TTTTGGCCI 
CTrCCMTATGCMCmCMCMCTCTCGTTCTTTACACTTCTTCT 

TAGCTGCTTGGCCTGTTGT AGGTATCTG 



CAGATACCTACAACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTT GAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACMTATTATAGGTTT 



ATATGCAACTTTCAACA 



TGTTG AAAGTTGCATAT 

ACMCATTGTAGCTGCTCACGG I lAl 1 1 IGGCCGAI IGAI 
CTTCCMTATGCTACmCAACAATTCTCGTTCTTTACATrTCTTCT 

TAGCGGCTTGGCCGGT AGT AGGTATTTG 



CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAG.TAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 

AMCCTATMTATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
CTTCCMTATGCTACTTTCMCMTTCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG ; 



CAGATACCTACTACAGGCCAAGCAGCT AGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACMTATTATAGGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 

AAACTTATAATATCGTaGCTGCTCaTGGI lAl 1 1 IGGIUGAI I GAT 
CTTCCMTATGCTACjnCAACAACTCTCGTTCTTTACACTTCTTCT 

TAGCTGCTTGGCCTGTAGTAGGTATTTG 



CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



AAACTTATAACATCGTAGCCGCTCATGGTTATnTGGCCGATTGAT 
CTTCCAATATGCT ACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTT ATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



4774 



4775 



4778 



4779 



4780 
4781 



4782 



4783 



4784 
4785 



4786 



4787 



4788 



4789 



4790 



4791 



4792 



WO 01/92512 



71 



PCT/US01/17672 




Triazine Resistant 
D1 Protein 
Solanum nigrum 
Ser264Thr 
AGT-ACT 



Triazine Resistant 

D1 Protein 

Nicotiana 

phimbaginttblia 

Ser264Thr 

AGT-ACT 



CTTCCMTATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGMGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAGTAGCATAT 



AAACTTATAACATCGTAGCCGCTCATGGTTA'1 1 1 1 GGCCGATTGAT 

CTTCCMTATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 



CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATGTT ATAAGTTT 



ATATGCTACTTTCAACA 



TGTTGAAAfiTAGCATAT 



4794 



4795 



4796 



^4797 



4798 



4799 



4800 



WO 01/92512 



PCT/US01/17672 



-72- 
Example 6 

En gineering male- or female-sterile plants 

Rower development in distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 
for example, AGAMOUS {AG), APETALA1 [AP1), and APETALA3 (AP3) and PISTILLATA {PI) in 
Arabidopsis thaliana, and DEFICIENSA {DEFA), GLOBOSA (GLO), SQUAMOSA (SQUA), and PLENA 
{PLE) in Antirrhinum maps. Genetic studies have shown that the DEFA, GLO and AP3 genes are essential 
for petal and stamen development Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 
genes have also been isolated from other species including tomato, tobacco, petunia, Brassica napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 




Male-sterile 
AP3 

Arabidopsis thaliana 

Arg3Term 

AGA-TGA 



TTGTCCTCTCCACCAAATCTCTT CAACAAAAAGATTAAACAAAGAGA 
GAAGAATATGGCGIGAGGGAAGATCCAGATCAAGAGGATAGAGAA 

CCAGACAAACAGACAAGTGACGTATTCAA 



nGMTACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTC TTGATC 
TGGATCTTCCCTCACGCCATATTCTTCTCTCmGmMTCTTTTT 

GTT GAAGAGATTTGGTGGAGAGGACAA 



ATATGGCGTGAGGGAAG 



CTTCCCTCACGCCATAT 



4801 



4802 



4803 



4804 



Male-sterile 
AP3 

Arabidopsis thaliana 

Lys&Term 

AAG-TAG 



TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 
ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGA 
CAAACAGACAAGTGACGTATTCAAAGAGAA 



nCTCTTTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTC 
nGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAT 
CTTTTTGTT GAAGAGATTTGGT GGAGA ■ 



CGAGAGGGIAGATCCAG 



4805 



4806 



4807 



WO 01/92512 



PCT/US01/17672 
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I CTGGATCTACCCTCTCG 



4808 



Male-sterile 
AP3 

Arabidopsis thaiiana 

GlnTTerm 

CAG-TAG 



Male-sterile 
AP3 

Arabidopsis thaiiana 

Lys9Term 

AAG-TAG 



le^stenie 
IAP3 

IBrassica oleracea 
lLys23Term 
I AAG-TAG 



Male-sterile 
IAP3 

\Brassica oleracea 

Arg24Term 

AGA-TGA 



Male-sterile 
AP3 

IBrassica oleracea 

IArg25Term 

IAGA-TGA 



CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 
CGAGAGGGAAGATCTAGATCAAGAGGATAGAGAACCAGACAAACA 
GACAAGTGACGTATTCAAAGAGAAGGAATG 

CAnCCTTCTCTTTGAATACGTCACnGTCTGTTTGTCTGGTTCTCT 

ATCCTC TTGATC TAGATCTTCCCTCTCGCCATATTCTTCTCTCTTTG 
TTTMTCTTTTTGTTGAAGAGATTTGG 

GGAAGATCTAGATCAAG 
CTTGATCTAGATCTTCC 

CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 

GGAAGATCCAGATCTAGAGGATAGAGAACCAGACAAACAGACAAG 
TGACGTATTCAAAGAGAAGGAATGGTTTAT 

ATAMCCATTCCnTCTCTTTGAATACGTCACTTGTCTGTTTGTCTGG 

TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 
TCTTTGTTTMTCTTTTTGTTGAAGAG 

TCCAGATCTAGAGGATA 



4809 



4810 



TATCCTCTAGATCTGGA 

CAAGTGACGT AnCnAGAGMGAMTGGTTTGTTCAAGAAAGCTC 
ACGAGCTTACAGTTTTATGTGATGCTAGGG 

CCCTAGCATCACATAAMCTGTMGCTCGTGAGCTTTCTTGAACAA 

ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 
TCTAJCCTCTTGATCTGGATCTTCCCTCT 



4811 
4812 



4814 



4815 



4816 



CGTATTCTTAGAGAAGA 



TCTTCTCTAAGAATACG 

GGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAA 
GTGACGTATTCTAAGTGAAGAMTGGTTTGTTCAAGAAAGCTCACG 
AGCTTACAGTTTTATGTGATGCTAGGGTTT 

AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAA 

CAMCCATTTCTTCACTTAGAATACGTCACTTGTCGGTTGGTCTGG 
TTCTCTATCCTCTTGATC TGGATCTTCCC 

ATTCTAAGTGAAGAAAT 



481 



4818 



4819 



ATTTCTTCACTTAGAAT 

AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGAIGAAATGGTTTGTTCAAGAAAGCTCACGAGC 
TTACAGTTTTATGTGATGCTAGGGTTTCGA 

TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTT 

GMCAMCCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 
TGGTTCTCTATCCTCTTG ATCTGGATmT 

CTAAGAGATGAAATGGT 



4820 
482? 



4822 



4823 



4824 



4825 



4826 



Attn 



WO 01/92512 
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Male-sterile 
AP3 

Brassica o/eracea 

|Leu28Term 

TTG-TAG 



le-sterue 
AP3 

Brassica napus 

Tyr21Term 

TAC-TAG 



I Male-sterile 
AP3 

Brassica napus 

jLys23Term 

AAG-TAG 



Male-sterile 
AP3 

\ Brassica napus 

Arg24Term 

AGA-TGA 



J Male-sterile 
IAP3 

Brassica napus 

Arg25Term 

AGA-TGA 



TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTA TTCTA 
AGAGMGAMTGGnAGTTCAAGAAAGCTCACGAGCTTACAGTTTT 

ATGTGATGCTAGGGTTTCGATTATCATGTT 



AACATGATAATCGAAACCCTAGCATCACATAAAACTGTAAGCTCGT 
GAGCmCTTGMCTMCCATTTCTTCTCTTAGAATACGTCACTTGT 

CGGTTGGTCTGGTTCTCTATCCTCTTGA 



AAATGGTTAGTTCAAGA 



TCTTGAACTAACCATTT 

CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGTTTGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGCT 



AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC 
ATTTCnCTCTTGGACTAGGTGACCTGCCTGTTTGTTTGGTTCTCTA 

TCCTCTTAATCTGGATCTTCCCTCGAGCC 



GTCACCTAGJCCAAGAG 
CTCTTGGACTAGGTGAC 

CGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGG 
CAGGTCACCTACTCCIAGAGMGAAATGGTTTGTTCAAGAAAGCAC 

ACGAGCT CTCTGTTCTCTGTGATGCTAAAG 
CTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAA 
ACCAmCTTCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 
TCTATCCTCTTMTCTGGATCTTCCCTCG 



CCTACTCCTAGAGAAGA 



TCTTCTCTAGGAGTAGG 



GGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGTGAAGAAATGGTTTGTTCAAGAAAGCACACG 

AGCTCTCTGnCTCTGTGATGCTAAAGTTT 



AAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAA 
CAMCCATnCTTCACTTGGAGTAGGTGACCTGCCTGTTTGTTTGG 
TTCTCTATCCTCTTAATCTGGATCTTCCC 



4829 



4830 



ACTCCAAGTGAAGAAAT 



ATTTCTTCACTTGGAGT 

AAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAGGTC 
ACCTACTCCAAGAGAIGAAATGGTTTGTTCAAGAAAGCACACGAGC 

TCTCTGTT CTCTGTGATGCTAAAGTTTCC A 



4831 



4832 



TGGAMCTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTT 
GAACAAACCATTTCATCTCTTGGAGTAGGTGACCTGCCTGTTTGn 

TGGTTCTCTATCCTCTTAATCTGGATCTT 



CCAAGAGATGAAATGGT 



ACCATTTCATCTCTTGG 



4834 



4838 



4839 



4840 



4841 



4842 



4843 



4846 



4847 



4848 



WO 01/92512 



PCT7US01/17672 



-75- 



le-j 
DEFA 

\Antirrhinum majus 

|Arg3Term 

CGA-TGA 



> AAAAC AAGAGC AG I AGTGGT 

AGTGGTTCGATGGCTTGAGGGAAGATCCAGATTAAGAGGATAGAG 
AACCAAACAAACAGGCAGGTCACCTACTCCA 

TGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCTCTTAAT 

CTGGATCTTCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 
TTTTCTTCTTCCAGCTTTCCTTTCTCTCn 



CGATGGCTTGAGGGAAG 



CTTCCCTCAAGCCATCG 



Male-sterile 
DEFA 

[Antirrhinum majus 

Lys5Term 

IAAG-TAG 



AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 
TCGATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACCAA 
ACAAACAGGCAGGTCACCTACTCCAAGAGAA 



4850 



4851 



4852 



TTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTCTATCCT 

CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTACCACTACTG 
CTCnGTTTTCTTCTTCCAGCTTTCCTTT 



CTCGAGGGIAGATCCAG 



CTGGATCTACCCTCGAG 



I Male-sterile 
DEFA 

\ Antirrhinum majus 

lGln7Term 

CAG-TAG 



Male-sterile 
DEFA 

{Antirrhinum majus 

Lys9Term 

IAAG-TAG 



AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATG 

GCTCGAGGGAAGATCTAGATTAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATfl 



4853 



4854 



4855 



4856 



CATTTCTTCTCnGGAGTAGGTGACCTGCCTGTTTGTTTGGTTCTC 

TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCTTGTTTTCTTCTTCCAGCTT 



GGAAGATCTAGATTAAG 



CTTAATCTAGATCTTCC 



Male-sterile 
IAP3 

Nicotiana tabacum 

Lys5Term 

IAAG-TAG 



GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATGGCTCGA 

GGGAAGATCCAGATTTAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGAGAAGAAATGGTTTfiT 



4857 



4858 



4859 



4860 



ACAAACCATTTCTTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTG 

GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 
CTACCACTACTGCTCTTGTTTTCTTCTTC 



TCCAGATTTAGAGGATA 
TATCCTCTAAATCTGGA 



ICAGIAAI rCTTA AGA 1 C I CAAACn I GAGCAAAAA 



4861 



4862 



4863 
4864 



TATGGCTCGTGGGTAGATCCAGATCAAGAGAATAGAGAACCAAAC 
AAACAGACAAGTCACTTATTCTAAGAGAA 



TTCTC7TAGMTMGTGACTTGTCTGTTTGTTTGGTTCTCTATTCTC 

TTGATCTGGATCTACCCACGAGCCATAGTTTTTTTTTCTTTT^ 

AAAGTTTGAGATCTTAAGAATTACTGA 

CTCGTGGGTAGATCCAG 
CTGGATCTACCCACGAG 



"4865" 



4866 



4867 
4868 



WO 01/92512 



PCT/US01/17672 



-76- 



Male-sterile 
AP3 

Nicatiana tabacum 

Gln7Term 

CAG-TAG 


AnCTTAAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGC 
TCGTGGGAAGATCTAGATCAAGAGAATAGAGAACCAAACAAACAGA 
C AAGT C ACTTATTCTAAGAGAAGAMTG 


4869 


C ATTTCTTCTCmGMTMGTGACnGTCTGTTTGTTTGGTTCT CT 
AnCTCTTGATCTAGATCTTCCCACGAGCCATAGTTTTTTTTTCTTT 
TTGCTCAAAGTTTGAGATCTTAAGAAT 


4870 


GGAAGATCTAGATCAAG 


4871 


CTTGATCTAGATCTTCC 


4872 


Male-sterile 
AP3 

Nicotiana tabacum 

LysSTerm 

AAG-TAG 


MGATCTCAMCTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTG 
GGAAGATCCAGATCIAGAGAATAGAGAACCAAACAAACAGACAAGT 

CAU 1 1 A 1 1 U 1 AAGAGAAGAAATfabAU 1 1 1 


4873 


AMGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTbTTTGG 
TTCTCT ATTCTCTAGATCTGGATCrrCCCACGAGCCATAGTTTTTTT 

TT/vrTTTT/^ATP AAA 1 * 1 1 IP A AT/ * 1 1 

TTC 1 1 1 1 T GCTCAAAb 1 1 1 GAGA lull 


4874 


TCCAGATCTAGAGAATA 


4875 


TATTCTCTAGATCTGGA 


4876 


Male-sterile 
AP3 

a •* ■ ■ Mi 

Nicotiana tabacum 

ArglOTenm 

AGA-TGA 


ATCTCAMCTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTGGGA 
AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCAC 
TTATTCTAAGAGAAGAAATGGAC 1 1 1 1 CA 


4877 


TGAAAAGT CC ATTTCTTCTCTTAGMTAAGTGACTTGTCTGTTTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGI 1 1 
1 1 1 1 1 ICI 1 1 1 1 GCTCAAAGTTTGAGAT 


4878 


AGATCAAGIGAATAGAG 


4879 


CTCTATTCACTTGATCT 


4880 


Male-sterile 
AP3 

Medicago sabva 

Tyr21Term 

TAC-TAG 


GGCTCGAGGAAAGA'l CCAGA 1 CAAGAGAATAGAGAACACAACgAA 
CAGACMGTMCTTAGTCAAAACGAAGGGATGGTCTTTTCAAGAAG 
GCCAATGAGCTCACJTli I ICI I IGIGATGCT 


4881 


AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGACCA 
TCCCTTCGTmGACTAAGTTACTTGTCTGTTCGTTGTGTTCTCTAT 

TCTCTI GATCTGGATU III CCTUbAbuU 


4882 


GTAACTTAGTCAAAACG 


4883 


CGTTTTGACTAAGTTAC 


4884 


Male-sterile 
AP3 

Medicago sabva 

Ser22Term 

TCA-TGA 


CTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACA 
GACAAGT AACTTACTGAAAACGAAGGGATGGTCTTTTCAAGAAGGC 
CAATGAGCTC ACT b 1 1 C 1 1 1 U I GATGCTAA 


4885 


TTAGCATCACAMGMCAGTGAGCTCATTGGCCTTCTTGAAAAGAC 
CATCCCTTCGTTTTCAGTAAGTTACTTGTCTGTTCGTTGTGTTCTCT 

ATTCTCTTGATCTGGATCTTTCCTCGAG 


4886 


AACTTACTGAAAACGAA 


4887 


TTCGTTTTCAGTAAGTT 


4888 



WO 01/92512 



PCT/US01/17672 



-77- 



Male-sterile 
IAP3 

\Medicago sativa 

'Lys23Term 

IAAA-TAA 



CGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGA 
CAAGTAACTTACTCATAACGAAGGGATGGTCTTTTCAAGAAGGCCA 
ATGAGCTCACTGTTCTTTGTGATGCTAAGG 

CCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAG 

ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTTGTGTTCT 
CTATTCTCTTGATCTGGA TCTTTCCTCG 

CTTACTCATAACGAAGG 
CCTTCGTTATGAGTAAG 



Male-sterile 
AP3 

\Medicago sativa 

Arg24Term 

CGA-TGA 



Male-sterile 
DEF4 

Solanum tuberosum 

|Tyr21Term 

TAT-TAG 



GGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGACAA 

GTAACTTACTCAAAATGAAGGGATGGTCTTTTCAAGAAGGCCAATG 
AGCTCACTGTTCTTTGTGATGCTAAGGTTT 

AAACCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAA 

MGACCATCCCTTCAjnTGAGTAAGTTACTTGTCTGTTCGTTGTGT 
TCTCTATTCTCTTGATCT GGATCTTTOn 

ACTCAAAATGAAGGGAT 
ATCCCTTCATTTTGAGT 



4889 



4890 



4891 
4892 

4893 



GGCICGI GGTAAGA I CCAGA I CAAGAAAA I AGAAAACCAAACAAAT 

AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 
GCTAATGAACTTACAGTTCTTTGTGATGCT 

AGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCCCA 

TTTCTTCTCTTTGACTMGTCACTTGCCTATTTGTTTGGTTTTCTATT 
TTCTTGATCTGGATCTTA CCACGAGCO 

GTGACTTAGTCAAAGAG 
CTCTTTGACTAAGTCAC 



4894 



Male-sterile 
DEF4 

Solanum tuberosum 

Ser22Term 

ITCA-TGA 



CTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAG 
GCAAGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 
AATGAACTTACAGTTCTTTGTGATGCTAA 

TTAGCATCACAAAGAACTGTAAGTTOATTAGCCTTCTTGAATAGCC 
CATTTCTTCTCTTTCAATAAGTCACTT GCCTATTTGTTTGGTTrTCTA 
TTTTCTTGATCTGGATCT TACCACGAG 

GACTTATTGAAAGAGAA 
TTCTCTTTCAATAAGTC 



4895 
4896 

iVw i 



4898 



4899 
4900 



i Male-sterile 
DEF4 

Solanum tuberosum 

Lys23Term 

IAAG-TAG 



CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGC 

AAGTGACTTATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTAA 
TGAACTTACAGTT CTTTGTGATG CTAAAfi 



4901 



4902 



4903 
4904 



CTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGC 

CCATnCTTCTCTATGMTMGTCACnGCCTATlTGTTTGGTTTTC 
TATTTTCTTGATCTGGAT CTTACCACG 

CTTATTCATAGAGAAGA 



TCTTCTCTATGAATAAG 



4905 



4906 



4907 



AQnn 



WO 01/92512 



78 



PCT/US01/17672 



Male-sterile 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAAG 
TGACTTATTCAAAGTGAAGAAATGGGCTATTCAAGAAGGCTAATGA 

Awl IAUAUI lull 1 V3 1 uA 1 Ipl/ 1 nhnsj 1 I 1 


4909 


AMCTTTAGCATCACAMGMCTGTAAGTTCATTAGCCTTCTTGAAT 
AGCCCATTTCTTCACnTTGMTMGTCACTTGCCTATTTGTTTGGTT 

TTCTAI 1 1 ICI 1 GATCTGGATCTTACC 


4910 


ATTCAAAGIGAAGAAAT 


4911 


ATTTCTTCACTTTGAAT 


4912 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Gly27Term 
GGA-TGA 


GCTAATGAACTTACTG 1 ICI 1 IGIGATGCTAAAGI 1 ICAAI IGI IAI 
GATTTCTAGTACTTGAAAACTTCATGAG 1 1 1 ATAAGTCCCTCTATC A 
CGACCAAACAATTGTi ObA lUlol Auu 


4913 


GGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTATAAA 
CTCATGMGTTTTCAAGTACTAGAAATCATAACAATTGAAACTTTAG 

CATCACAAAGAAUAo I AAb 1 1 LA 1 1 AbU 


4914 


CTAGTACTTGAAAACTT 


4915 


AAGTTTTCAAGTACTAG 


4916 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Lys28Term 
AAA-TM 


AATGAACTTACTGTT CTTTGTGATGCTAAAGTTTCAATTGTTATGAT 

TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 

CCAAACAATTGTTCGATCTGTACCAGA 


4917 


TCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TAGCATCACAAAGAACAGTAAGTTCATT 


4918 


GTACTGGAIAACTTCAT 


4919 


ATGAAGTTATCCAGTAC 


4920 


Male-sterile 
AP3 

• • 

Lycopersicon 
esculentum 
Glu31Term 
GAG-TAG 


ACTGTTCTTTGTGATGCT AAAGTTTCAATrGTTATGAnTCTAGTAC 
TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 

TGTTCGATCTGTACCAGAAGACTATTG 


4921 

- 


CAATAGTCTTCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGA 
GGGACTTATAAACTAATGAAGI 1 1 1 CCAGTACTAGAAATCATAACAA 
ITGAAAC 1 1 lAGCATCACAAAGAAOAb 1 


4922 


AACTTCATTAGTTTATA 


4923 


TATAAACTAATGAAGTT 


4924 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Lys40Term 
AAA-TAA 


ATTGTTATGATTTCTAGTACTGGAAMCTTCATGAGTTTATAAGTCC 
CTCT ATCACGACCTAACAATTGTTCGATCTGTACCAGAAGACTATT 

bGAoTTbAIAl 1 lobAOIAUlUAL»IAIo 


4925 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCTTCTGGTACAG 
ATCGMCMTTGTTAGGTCGTGATAGAGGGACTTATAAACTCaTGA 
AGTnTCCAGTACTAGAAATCATAACAAT 


4926 


tcacgacciaacaattg 


4927 


CAATTGTTAGGTCGTGA 


4928 
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79 



PCT/US01/17672 
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le-steme 
IAP3 
Triticum aestivum 
|Tyr21Term 
TAC-TAG 



Male-sterile 
IAP3 

Triticum aestivum 

Lys23Term 

IAAG-TAG 



Male-sterile 
IAP3 

Triticum aestivum 

Ser26Term 

ITCG-TAG 



I Male-sterile 
IAP3 

Triticum aestivum 

Lys30Term 

IAAG-TAG 



le-sterile 
ISilkyl 
\Zeamays 
Tyr21Tenm 
TAC-TAG 



GCCACCA 

ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 
AAGGCGCGGGAGCTCACCGTGCTCTGCGACGCC 

GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATGATCC 

CCGACCGGCGCTTGGAfiTAGGTCACCTGCCTGTTGGTGGCGTTC 
TCGATCCGCTTTATCTCAATC TTCCCCCGCCCC 

GTGACCTAGTCCAAGCG 
CGCTTGGACTAGGTCAC 

CGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCAACAG 
GCAGGTGACCTACTCCTAGCGCCGGTCGGGGATCATGAAGAAGG 
CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 

CCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATG 

ATCCCCGACCGGCGCTAGGAGTAGGTCACCTGCCTGTTGGTGGC 
GTTCTCGATCCGCTTTATCTCA ATCTTCCCCCG 

CCTACTCCJAGCGCCGG 
CCGGCGCTAGGAGTAGG 

TTGAGATAAAGCGGATCGAGAACGCCACCAACAGGCAGGTGACCT 

ACTCCAAGCGCCGGTAGGGGATCATGAAGAAGGCGCGGGAGCTC 
ACCGTGCTCTGCGACGCCCAGGTCGCCATCAT 

ATGATGGCGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 

CTTCTTCATGATCCCCIACCGGCGCTTGGAGTAGGTCACCTGCCT 
GTTGGTGGCGTTCTCGATCCG CTTTATCTCAA 

GCGCCGGTAGGGGATCA 
TGATCCCCTACCGGCGC 

CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 

CCGGTCGGGGATCATGIAGAAGGCGCGGGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 

AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 

AGCTCCCGCGCCTTCTACATGATCCCCGACCGGCGCTTGGAGTA 
GGTCACCTGCCTGTTGGTGGCGTTC TCGATCCG 

GGATCATGJAGAAGGCG 
CGCCTTCTACATGATCC 

aCGGCAAGA I CGAGA rCAAGCGGA I CGAGAACGCCACCA 

ACCGCCAGGTGACCTAGTCCAAGCGCCGGACGGGGATCATGAAG 
AAGGCACGCGAGCTCACCGTGCTCTGCGACGCC 

GGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATGATCC 

CCGTCCGGCGCTTGGACTAGGTCACCTGGCGGTTGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTT GCCGCGCCCC 

GTGACCTAGTCCAAGCG 
CGCTTGGACTAGGTCAC 



4934 



4938 



4942 



4946 



4947 
4948 



WO 01/92512 



PCT/US01/17672 



-80- 



Maie-sterile 

Silkyl 
lea mays 
Lys23Term 
MG-TAG 



Male-sterile 
Silkyl 
lea mays 
Lys30Term 
MG-TAG 



CGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCAACCG 
CCAGGTGACCTACTCCTAGCGCCGGACGGGGATCATGAAGAAGG 
CACGCGAGCTCACCGTGCTCTGCGACGCCCAGG 



CCTGGGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATG 
ATCCCCGTCCGGCGCTAGGAGTAGGTCACCTGGCGGTTGGTGGC 
GTTCTCGATCCGCTTGATCTCGATCTTGCCGCG 



CCTACTCCIAGCGCCGG 



CCGGCGCTAGGAGTAGG 

CGGATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCG 
CCGGACGGGGATCATGTAGAAGGCACGCGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 



4950 



4951 



AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCGCGTGCCTTCTACATGATCCCCGTCCGGCGCTTGGAGTAG 
GTCACCTGGCGGTTGGTGGCGTTCTCGATCCG 



GGATCATGTAGAAGGCA 



TGCCTTCTACATGATCC 



4952 
4953 



4954 



4955 



4956 



Male-sterile 
Silkyl 
lea mays 
Lys31Term 
AAG-TAG 



Male-sterile 
AP3 

Oryzasativa 

Lys5Tertn 

AAG-TAG 



Male-sterile 
AP3 

Oryzasativa 

Glu7Term 

GAG-TAG 



ATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCGCCG 
GACGGGGATCATGAAGTAGGCACGCGAGCTCACCGTGCTCTGCG 
ACGCCCAGGTCGCCATCATCATGTTCTCCTCCA 



TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACG 
GTGAGCTCGCGTGCCTACTTCATGATCCCCGTCCGGCGCTTGGA 
GTAGGTCACCTGGCGGTTGGTGGCGTTCTCGAT 



TCATGAAGJAGGCACGC 




GGCCATGGGGAGGGGCTAGATCGAGATCAAGCGGATCGAGAACG 
CGACCAACAGGCAGGTGACCTACTCGAAGCGCC 



GGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCTCGATCC 
GCTTGATCTCGATCTAGCCCCTCCCCATGGCCGCCCCCTGCAGC 
AGCTATCTCTCTCGCCGGACAATGCAGCTAGC 



GGAGGGGCJAGATCGAG 



CTCGATCTAGCCCCTCC 

TGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCAT 
GGGGAGGGGCAAGATCTAGATCAAGCGGATCGAGAACGCGACCA 
ACAGGCAGGTGACCTACTCGAAGCGCCGCACGG 



4958 



4959 



4960 



4962 



4963 



CCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCT 
CGATCCGCTTGATCTAGATCTTGCCCCTCCCCATGGCCGCCCCCT 
GCAGCAGCTATCTCTCTCGCCGGACAATGCA 



GCAAGATCTAGATCAAG 



CTTGATCTAGATCTTGC 



4964 
4965 



4966 



4967 



4968 



WO 01/92512 



PCT/US01/17672 



-81- 



Male-sterile 
AP3 

0/1/73 cafn/a 

Lys9Term 
AAG-TAG 

i 


GTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGA 
GGGGCAAGATCGAGATCTAGCGGATCGAGAACGCGACCAACAGG 

P AGGXft APPTAPTPf^ A A OPPr^P^APP^/Y^AT^ A 
wAOO 1 w\L»Lr 1 MLr 1 UVjAAoUoOOoOAOlovjVivaA 1 OA 


4969 


TGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTC 
GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 


4970 


TCGAGATCTAGCGGATC 


4971 


GATCCGCTAGATCTCGA 


4972 


Male-sterile 
AP3 

On/7p cafn/a 

\JlyL.Q OQUVQ 

GlulZTerm 
GAG-TAG 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAAGA 
TCGAGATCAAGCGGATCTAGAACGCGACCAACAGGCAGGTGACCT 

APTPftAAftP^PP/^PAPf^fi/^ATPATV^A APAAPr* 
1 UOnttV3LrOOUoUAL»\jV3V3\3A 1 OA 1 VjAAUAAoo 


4973 


CCTTCTTCATGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCC 

TGTTGGTCGCGTTCTAGATCCGCTTGATCTCGATCTTGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 


AGCGGATCTAGAACGCG 


4975 


CGCGTTCTAGATCCGCT 


4976 



Table 15 

Oligonucleotides to produce male-sterile plants 




Male-sterile 
AG 

Arabidopsis thaliana 

Tyr35Term 

TAC-TAG 



Male-sterile 
AG 

Arabidopsis thaliana 

Gln36Term 

CAA-TAA 



TCTGTACTMTCAAATTTTGCCCTAMCGTTTTTGGCTTTGGAGCA 

GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 
CTT GAGGAAATCTGGGAGAGGAAAGATCGAA 



TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGATTGfiTACGCCGTGATTGCTGCTCCAAAGCCAAAA 
ACGTTTAGGGCAAAATTTGATTAGTACAGA 



ACGGCGTAGCAATCGGA 



TCCGATTGCTACGCCGT 

CTGTACTAATCAAA 1 1 1 IGCCCIAAAGGI 1 1 1 IGGCI 1 1 GGAGCAG 
CAATCACGGCGTACIAATCGGAGCTAGGAGGAGATTCCTCTCCCT 
TGAGGAAATCTGGGAGAGGAAAGATCGAAA 



TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTTTAGGGCAAAATTTGATTAGTACAG 



CGGCGTACTAATCGGAG 



CTCCGATTAGT ACGCCG 



4977 



4978 



4979 



4982 



4983 



4984 



WO 01/92512 



PCT/US01/17672 



-82- 




mm 



Male-sterile 
AG 

Arabidopsis thaliana 

Ser37Term 

TCG-TAG 



ACTAATCAAATTTTGCCCTAAACGI 1 1 1 1 GGCTTTGGAGCAGCAAT 
CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCTTGA 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 



4985 



TTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 
CTCCTCCTAGCTCCTATTGGTACGCCGTGATTGCTGCTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGATTAGT 



4986 



GTACCAATAGGAGCTAG 



4987 



CTAGCTCCTATTGGTAC 



4988 



Male-sterile 
AG 

Arabidopsis thaliana 

Glu38Term 

GAG-TAG 



lAAlCAAAl 1 1 IGCGCIAAACGI 1 1 1 IGGCI 1 1 GGAGCAGCAATCA 

CGGCGTACCAATCGTAGCTAGGAGGAGATTCCTCTCCCTTGAGGA 

AATCTGGGAGAGGAAAGATCGAAATCAAAC 



4989 



GTTTGATnCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 

GCCAAAAACGTTTAGGGCAAAATTTGATTA 



4990 



ACCAATCGTAGCTAGGA 



4991 



TCCTAGCTACGATTGGT 



4992 



Male-sterile 
AG 

Brassica napus 

Glu3Term 

GAA-TAA 



CTCTCCCACtTCI 1 1 1 CGG I .GG rTTATtCATTtGGtGACGATATCA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTCACGATGCAGAGAGTA 

GCAAGAAGATAGGTAGAGGGAAGATAGAGA 



4993 



TCTCTATCTTCCCTCTACCTATCncnGCTACTCTCTGCATCGTG 
ACTACTCCCACCnAATCCATTGCTTCTGTGATATCGTCACCAAAT 
GAATAAACCACCGAAAAGAAGTGGGAGAG 



4994 



CAATGGATTAAGGTGGG 



4995 



CCCACCTTAATCCATTG 



4996 



Male-sterile 
AG 

Brassica napus 

Glu11Term 

GAG-TAG 



lAl ICAI I IGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 

AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAAG 

ATAGAGATAAAGAGGATAGAGAACACAACAA 



4W 



TTGTTGTGTTCTCTATCCTCTrTATCTCTATCTTCCCTCTACCTATC 
nCTTGCTACTCTATGCATCGTGACTACTCCCACCTTCATCCATTG 
CTTCTGTGATATCGTCACCAAATGAATA 



4998 



ACGATGCATAGAGTAGC 



4999 



GCTACTCTATGCATCGT 



5000 



Male-sterile 
AG 

Brassica napus 

Lys14Term 

AAG-TAG 



GGTGACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCA 
CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGAT 
AAAGAGGATAGAGAAC AC AAC AAATC GTCAAG 



5001 



CTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCT 
CTACCTATCTTCTAGCTACTCTCTGCATCGTGACTACTCCCACCTT 
CATCCATTGCTTCTGTGATATCGTCACC 



5002 



AGAGTAGCTAGAAGATA 



5003 



TATCTTCTAGCTACTCT 



5004 



WO 01792512 



83 



PCMJS01/17672 



10 



15 



20 



25 



Male-sterile 
AG 

Brassica napus 

Lys15Term 

AAG-TAG 



Male-sterile 
AG 

Lycopersicon 
esculentum 
Glu4Term 
CAA-TAA 



Male-sterile 
AG 

Lycopersicon 
esculentum 
Arg9Term 
AGA-TGA 



Male-sterile 
AG 

Lycopersicon 
esculentum 
GlulOTerm 
GAG-TAG 



Male-sterile 
AG 

Lycopersicon 
esculentum 
Ser12Term 
TCA-TGA 



GAUbATATCACAUAAGCAATGGA I GAAGGTGGGAGTAGTCACGAT 

GCAGAGAGTAGCAAGIAGATAGGTAGAGGGAAGATAGAGATAAAG 
AGGATAGAGAACACAACAAATCGTCAAGTAA 

nACTTGACGATnGTTGTGTTCTCTATCCTCTTTATCTCTATCTTC 

CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTACTCCCAC 
CTTCATCCATTGCTTCTGTGATATCGTC 

GTAGCAAGTAGATAGGT 
AC CTATCTACTTGCTAC 

- - ^UAAAAAACTTAAAAA rcnCTCTTTCCtTTC'CTTACAAGGTGA 

AGTAATGGACTTCTAAAGTGATCTAACCAGAGAGATCTCACCACAA 
AGGAAACTAGGAAGGGGGAAAAnGAGA 



5006 



5007 
5008 



TCTCMTTTTCCCCCTTCCTAGTTTCCTTTGTGGTGAGATCTCTCT 
GGTT AGATCACTTTAGAAGTCCATTACTTCACCnGTAAGGAAAGG 
AAAGAGMGATTTTTMGTTTTTT GGTTG 
TGGACTTCJAAAGTGAT 

ATCACTTTAGAAGTCCA 



AAAATCl I (J I CI 1 1 GCTTTCCT I ACAAGGrGAAGTAATGGACTTCC 

AAAGTGATCTAACCTGAGAGATCTCACCACAAAGGAAACTAGGAA 
GGGGGAAAATTGAGATCAAAAGGATCGAAA 



5010 



5011 
5012 



TTTCGATCCTTT IGAICICAAI 1 1 1 CCCCCTTCCTAGTTTCCTTTGT 

GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCCATTACTTCAC 
CTTGT AAGGAAAGGAAAGAGAAGATTTT 

ATCTAACCTGAGAGATC 
GATCTCTCAGGTTAGAT 



ATCTTCTCTTTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 

GTGATCTAACCAGATAGATCTCACCACAAAGGAAACTAGGAAGGG 

GGAAAATTGAGATCAAAAGGATCGAAAACA 

ifci 1 1 lUaATCCI 1 1 IGATCTCAAI 1 1 1 CCCCCTTCCTAGTTTCCTT 

TGTGGTGAGATCTATCTGGTTAGATCACTTTGGAAGTCCATTACTT 
CACCTTGTAAGGAAAGGAAAGAGAAGAT 

TAACCAGATAGATCTCA 
TGAGATCTATCTGGTTA 

U I KJCTTTCC1 I ACAAGGTGAA G I MTGGACTTCCAAAGTGATC' 

AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 

TGAGATCAAAAGGATCGAAAACACGACGAA 

TTCGTCGTGTT1 ICGAICCI 1 1 1 GATCTCAATTTTCCCCCTTCCTA 

GTTTCCTTTGTGGTCAGATCTCTCTGGTTAGATCACTTTGGAAGTC 
CATTACTTCACCTTGTAAGGAAAGGAAAG 
AGAGATCTGACCACAAA 



50TT 



5014 



5015 
5016 



5017 



5018 



5019 




5023 



WO 01/92512 



-84 

4 



PCT/US01/17672 



10 



15 



20 



25 




Male-sterile 
NAG1 

Nicotiana tabacum 

Gln4Term 

CAA-TAA 



Male-sterile 
NAG1 

Nicotiana tabacum 

Arg9Term 

A6A-TGA 



Male-sterile 
NAG1 

Nicotiana tabacum 

GlulOTerm 

GAG-TAG 



Male-stenle 
NAG1 

Nicotiana tabacum 

Gln14Term 

CAA-TAA 



AAGTATGGACTTCIAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA . 



TCTCMTCTTTCCTCTTCCCAGTTTCCTTTGTGGAGAGATCTCTCT 
TGnAGATCACTTTAGAAGTCCATACTTTCACCTGGTAAGGAAAGA 

AAGGGTTGGAAGATGAAAATAGAGAGTAC 



TGGACTTCTMAGTGAT 



ATCACTTTAGAAGTCCA 

ATCTrCCMCCCTTtCTTTCCmCCAGGTGAAAGTAIuyAOTrCC 
AAAGTGATCTAACAIGAGAGATCTCTCCACAAAGGAAACTGGGAA 
GAGGAAAGATTGAGATCAAACGGATCGAAA 



TTTCGATCCGTTTGATCTCMTCTTrCCTCTTCCCAGTTTCCTTTGT 
GGAGAGATCTCTCATGTTAGATCACTrTGGAAGTCCATACTTTCAC 

CTGGT AAGGAAAGAAAGGGTTGGAAGAT 



ATCTAACATGAGAGATC 



TGTTTrCGATCCGTnGATCTCMTCTTTCCTCTTCCCAGTTTCCTT 
TGTGGAGAGATCTATCTTGnAGATCACTTTGGMGTCCATACTTT 
CACCTGGTAAGGAAAGAAAGGGTTGGAA 



TAACAAGAIAGATCTCT 



Male-sterile 
AG 

Rosa hybrida 

Gly22Term 

GGA-TGA 



GACGA1TCGTTGTGTTTTCGATCCGTTTGATCTCAATCTTTCCTCT 
TCCCAGlTTCCTnATGGAGAGATCTCTCTTGTTAGATCACTTTGG 
AAGTCCATACTTTCACCTGGTAAGGAAAG 



TCTCTCCAIAAAGGAAA 



TTTCCTTTATGGAGAGA 



gcctaTGAaAAcaaaCcCaacacggtccTggAcGctgatgccc;aa 
agaagattgggaaggtgaaagatcgagatcaagcggatcgaaaac 
accaccaatcgtcaagtcaccttctgcaaaa 



TTTTGCAGAAGGTGACTTGACGATTGGTGGTGTTTTCGATCCGCT 
TGATCTCGATCmCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 
CAGGACCGTGTTGGGTTTGTTTTCATAGGC 



TGGGAAGGTGAAAGATC 



GATCTTTCACCTTCCCA 



5026 



5027 



5028 



5030 



5031 



GATCTCTCATGTTAGAT 5032 

TTCCMCCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCCAAA I 5033 
GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
GAAAGATTGAGATCAAACGGATCGAAAACA 



5034 



5035 



AGAGATCTATCTTGTTA | 5036 

CTTTCCTTACCaGGTGAAAGTATGGACTTCCAAAGTGATCTAACAA I 5037 
GAGAGATCTCTCCATAAAGGAAACTGGGAAGAGGAAAGATTGAGA 

TCAAACGGATCGAAAACACAACGAATCGTC 



5038 



5039 



5040 



5042 



5043 



5044 



WO 01/92512 



85 



PCT7US01/17672 



-henoty^ Gene, 



Male-sterile 
AG 

Rosa hybrida 

Lys23Term 

AAG-TAG 




TATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGA 

AGATTGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 
CACCAATCGTCAAGTCACCTTCTGCAAAAGGC 



GCCTTTTGCAGAAGGTGACTTGACGATTGGTGGTGTTTTCGATCC 

GCTTGATCTCGATCTATCCCCTTCCCAATCTTCTTTGGGCATCAGC 
GTCCAGGACCGTGTTGGGTTTGTTTTCATA 



GAAGGGGATAGATCGAG 



CTCGATCTATCCCCTTC 



5045 



5046 



5047 



5048 



Male-sterile 
AG 

Rosa hybrida 

Glu25Term 

GAG-TAG 



AACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTG 
GGAAGGGGAAAGATCTAGATCAAGCGGATCGAAAACACCACCAAT 
CGTCAAGTCACCTTCTGCAAAAGGCGCAATG 



CATTGCGCCTTTT GCAGAAGGTGACTTGACGATTGGTGGTGTTTT 

CGATCCGCnGATCTAGATCTTTCCCCTTCCCAATCTTCTTTGGGC 

ATCAGCGTCCAGGACCGTGTTGGGTTTGTT 



GAAAGATCTAGATCAAG 



CTTGATCTAGATCTTTC 



5049 



5050 



5051 



5052 



Male-sterile 
AG 

Rosa hybrida 

Lys27 

AAG-TAG 



cccaacacggtcctggacgctgatgCCCaaAgaagattgggaaG 
gggaaagatcgagatctagcggatcgaaaacaccaccaatcgtca 

AGTCACCTTCTGCAAAAGGCGCAATGGTTTGC 



GCAAACCATTGCGCCTTTTGCAGAAGGTGACTTGACGATTGGTGG 
TGTTTTCGATCCGCTAGATCTCGATCTTTCCCCTTCCCAATCTTCT 
TTGGGCATCAGCGTCCAGGACCGTGTTGGG 



TCGAGATCTAGCGGATC 



GATCCGCTAGATCTCGA 



5053 



5054 



5055 



5056 



Male-sterile 
far 

Antirrhinum majus 

Gln7Term 

CAA-TAA 



CAATTGCC I G 1 1 1 1 IAI 1 1 1 1 1 1 1 CI 1 1 1 1 GAC I AAGTAGAAATGGC 

GTCTCTAAGCGATTAATCGACCGAGGTATCGCCCGAGAGGAAAAT 

CGGGAGAGGAAAGATCGAGATCAAACGGA 



TCCGTTrGATCTCGATCTTTCCTCTCCCGATTTTCCTCTCGGGCGA 
TACCTCGGTCGATTAATCGCTTAGAGACGCCATTTCTACTTAGTCA 
AAAAGAAAAAAAATAAAAACAGGCAATTG 



TAAGCGATTAATCGACC 



GGTCGATTAATCGCTTA 



5057 



5058 



5059 



5060 



Male-sterile 
far 

Antirrhinum majus 

GlulOTerm 

GAG-TAG 



GTTTTTATTTTTTTTCTTTTTGACTMGTAGAMT^ 

CGATCAATCGACCTAGGTATCGCCCGAGAGGAAAATCGGGAGAG 

GAAAGATCGAGATCAAACGGATCGAAAACA 



TGTTTTCGATCCGTnGATCTCGATCTTTCCTCTCCCGATTTTCCT 

CTCGGGCGATACCTAGGTCGATTGATCGCTTAGAGACGCCATTTC 
TACTTAGTCAAAAAGAAAAAAAATAAAAAC 



AATCGACCTAGGTATCG 



CGATACCTAGGTCGATT 



5061 



5062 



5063 



5064 



WO 0U92512 



86 



PCT/US01/17672 









Male-sterile 

far ( 
Antirrhinum majus i 


riTCTTTTTGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGA 
XGAGGTATCGCCCTAGAGGAAAATCGGGAGAGGAAAGATCGAG 

A^T^\ A A A ^X^^^X * » A A 1 At A A A A A A "T - f\ A A f\ 

MCAAACGGATCGAAAACAAAACAAATCAAC 


5065 


Glu14Term ( 
GAG-TAG ( 

( 


3TTGAI 1 IGI 1 1 1 GTTTTCGATCCGTTTGATCTCGATCTTTCCTCTC 
XGATTTTCCTCTAGGGCGATACCTCGGTCGATTGATCGCTTAGA 
3ACGCCATTTCTACTTAGTCAAAAAGAAA 


5066 


* 


rATCGCCCTAGAGGAAA 


5067 




rrTCCTCTAGGGCGATA 


5068 


Male-sterile 

far ( 

A f • ft * * 

Anbrrhinum maps t 


rTtGACtAAGtAGAAATGGCGTCTCTAAGCGATCAATCGACCGAG 
3TATCGCCCGAGAGGTAAATCGGGAGAGGAAAGATCGAGATCAA 

A M A "*"^>^ ^"V A m A A A A A A AAA A a ^X A A 

\CGGATCGAAAACAAAACAAATCAACAGGTTA 


5069 


Lys16Term 

AAA-TAA ( 

( 


raacctgttgatttg 1 1 1 igi 1 1 1 cgatccgtttgatctcgatcttt 
dctctcccgatttacctctcgggcgatacctcggtcgattgatcg 
:ttagagacgccatttctacttagtcaaa 


5070 


( 


XGAGAGGTAAATCGGG 


5071 


( 


XCGATTTACCTCTCGG 


5072 


Male-sterile 1 
AG / 
Cucumis sativus t 


rGTCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGA 
\GGAAAGGGTAAGTAGCAAATAAAGGGGATGTTCCAGAATCAAGA 
\GAGAAGATGTCAGACTCGCCTCAGAGGAA 


5073 


Leu21Term 1 
TTG-TAG 1 

( 


ITCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAACA 

rCCCCTTTAmGC^ACnACCCTnCCTrCnCCTTMTCATTCTT 

3TGAGTGGTGACTGATAATGCTTGGACA 


5074 


( 


3GGTAAGTAGCAAATAA 


5075 


1 


rTATTTGCTACTTACCC 


5076 


Male-sterile 1 
AG ( 
Cucumis sativus t 


rCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAG 

3AAAGGGTAAGTTGTAAATAAAGGGGATGTTCCAGAATCAAGAAG 

\GAAGATGTCAGACfCGCCTCAGAGGAAGA 


5077 


Gln22Temu 1 
CAA-TAA ( 

1 


rCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAA 
SATCCCCTTI ATTTACMCTTACCCTTTCCTTCTTCCTTAATCAnC 
rTGTGAGTGGTGACTGATAATGCTTGGA 


5078 


( 


3TAAGTTGTAAATAAAG 


5079 


( 


:tttatttacaacttac 


5080 


Male-sterile ( 
AG ( 
Cucumis sativus / 


2ATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 
3GTAAGTTGCAAATATAGGGGATGTTCCAGAATCAAGAAGAGAAG 
0"GTCAGACTC GCCTCAG AGGAAGATGGGAA 


5081 


Lys24Tenm 1 
AAG-TAG C 

/ 


TCCCATCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATT 
n"GGMCATCCCCTATATTTGCMCnACCCTTTCCTTCTTCCTTA 
aCATTCTTGTGAGTGGTGACTGATAATG 


5082 


1 


"GCAAATATAGGGGATG 


5083 


C 


JATCCCCTATATTTGCA 


5084 



WO 01/92512 



PCT/US01/17672 



-87- 



10 



15 



20 



25 



lale-sterile 
AG 

Cucumis sativus 

Gln28Term 

CAG-TAG 



Male-sterile 
AG 

Zea mays 

CyslOTerm 

TGC-TGA 



Male-sterile 
AG 

Zea mays 

Ser13Term 

TCG-TAG 



Male-sterile 
AG 

Zea mays 

Lys15Tenn 

AAG-TAG 



Male-sterile 
AG 

Zea mays 

LyslTTerm 

AAG-TAG 



CCACTI 



ATAAAGGGGATGTTCTAGAATCAAGAAGAGAAGATGTCAGACTCG 
CCTCAGAGGAAGATGGGAAGAGGAAAGATTG 

CAATCTTTCCTC7TCCCATCTTCCTCTGAGGCGAGTCTGACATCTT 

CTCTTCTTGATTCTAGAACATCCCCTTTATTTGCAACTTACCCTTTC 
CTTCTTCCTTAATCATTCTTGTGAGTGG 

GGATGTTCTAGAATCAA " 
TTGATTCTAGAACATCC 



-UAUUACCACCACCaCCACCACCACCACACCATGCTCAACATGAT 

GACTGATCTGAGCTGAGGGCCGTCGTCCAAGGTCAAGGAGCAGG 
TGGCGGCGGCGCCGACGGGCTCCGGCGACAGG 

CCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCTGCTCCTTG 

ACCTTGGACGACGGCCCTCAGCTCAGATCAGTCATCATGTTGAGC 
ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGT GG 

CTGAGCTG&GGGCCGTC 
GACGGCCCTCAGCTCAG 

AUUAOUAUC^CCACCAGCACACCAl GC I CAACA I GATGACTGATC 



5085 



5086 



5087 
5088 



5089 



5090 



5091 
5092 



™T«I v - nu - n - M -- MI 1 -'W'A I liAl -ACTGATC 

TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 

TGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 

GCTCCTTGACCTTGGACTACGGCCCGCAGCTCAGATCAGTCATCA 
TGTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 



CGGGCCGTAGTCCAAGG 

CCTTGGACTACGGCCCG 

CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 

TGCGGGCCGTCGTCCIAGGTCAAGGAGCAGGTGGCGGCGGCGC 
CGACGGGCTCCGGCGACAGGCAGGGGCAGGGGA 

TCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGC 

CACCTGCTCCTTGACCTAGGACGACGGCCCGCAGCTCAGATCAG 
TCATCATGTTGAGCATGGTGTGGTGGTGGTGGTG 

CGTCGTCCTAGGTCAAG ' 

CTTGACCTAGGACGACG 

-AU_ ACCACACCA I GC I CAACAT GA I GACfGATCTGAGCTGCGGG 

CCGTCGTCCAAGGTCTAGGAGCAGGTGGCGGCGGCGCCGACGG 
GCTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 

TGCCTCTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 

CGCCGCCACCTGCTCCTAGACCTTGGACGACGGCCCGCAGCTCA 
GATCAGTCATCATGTTGAGCATGGTGTGfiTft flTfi 

CCAAGGTCTAGGAGCAG 
CTGCTCCTAGACCTTGG 



50W 



5094 



5095 
5096 



5097 



5098 



5099 
5100 

"5la 



5102 



5103 
5104 



WO 01/92512 PCT/US01/17672 

-88- 



10 



15 



20 



25 



Male-sterile 
AG 

lea mays 
Arg4Term 
CGA-TGA 



Male-sterile 
AG 

Zea mays 
GluSTerm 
GAA-TAA 



Male-sterile 
AG 

Zea mays 
Glu6Term 
GAG-TAG 



Male-stenle 
AG 

Zea mays 
Glu7Tenn 
GAG-TAG 



tale-sterile 
AG 

Oryzasativa 

LysSTerm 

AAG-TAG 



TCC IACCI 1 1 ICTCCTTCAGACCTCAAAATCTGTGTGATAGGAACA 
AGAGCATGCACATCTGAGAAGAGGAGGCTACACCATCCACAGTAA 
CAGGCATCATGTCGACCCTGACTTCGGCGG 



CCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGATGGT 
GTAGCCTCCTCTTCTCAGATGTGCATGCTCTTGTTCCTATCACACA 
GATTTTGAGGTCTGAAGGAGAAAAGGT AGGA 
TGCACATCTGAGAAGAG 



CTCTTCTCA6ATGTGCA 

ACCl 1 1 1 C I CCTTCAGACCTCAAAATCTGTO rGATAGGAACAA( 
GCATGCACATCCGAIAAGAGGAGGCTACACCATCCACAGTAACAG 
GCATCATGTCGACCCTGACTTCGGCGGGGC 
GCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGAT 
GGTGTAGCCTCCTCTTATCGGATGTGCATGCTCTTGTTCCTATCA 
CACAGATTTTGAGGTCTGAAGGAGAAAAGGTA 

ACATCCGATAAGAGGAG 



CTCCTCTTATCGGATGT 

CTTTTCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCA 
TGCACATCCGAGAAIAGGAGGCTACACCATCCACAGTAACAGGCA 
TCATGTCGACCCTGACTTCGGCGGGGCAGC • 



GCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTG 
GATGGTGTAGCCTCCTATTCTCGGATGTGCATGCTCTTGTTCCTA 
TCACACAGATTTTGAGGTCTGAAGGAGAAAAG 

TCCGAGAATAGGAGGCT 
AGCCTCCTATTCTCGGA 

TTCTCCnCAGACCTCAAAATCTGTGTGATAGGAACAAtiAUCAT< 
ACATCCGAGAAGAGTAGGCTACACCATCCACAGTAACAGGCATCA 
TGTCGACCCTGACTTCGGCGGGGCAGCAGA 
TCTGCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACT 
GTGGATGGTGTAGCCT ACTCTTCTCGGATGTGCATGCTCTTGTTC 
CTATCAC AC AG ATTTTGAGGT CTGAAGGAGAA 
GAGAAGAGIAGGCTACA 



TGTAGCCTACTCTTCTC 

GCTGGGTCaGgATCGTCGGCGGCGGTGGCGGCGGGGAC3GAGC" 
GAGAAGATGGGGAGGGGGTAGATCGAGATAAAGCGGATCGAGAA 
CACGACGAACCGGCAGGTGACCTTCTGCAAGCGCC 
GGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTCTCGATC 
CGCTTTATCTCGATCTACCCCCTCCCCATCTTCTCGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCCTGACCCAGC 
GGAGGGGGIAGATCGAG 



CTCGATCTACCCCCTCC 



5106 



5107 



5110 



5111 



5112 



5113 



5114 



5118 



5119 



5122 



5123 



5124 



WO 01/92512 „ „ 

PCT/US01/17672 

-89- 



10 



15 





Male-sterile 
AG 

Oryza sativa 

Glu7Tenm 

GAG-TAG 



Male-sterile 
AG 

Oryza sativa 

Lys9Term 

AAG-TAG 



Male-sterile 
AG 

Oryza sativa 

Qu12Teim 

GAG-TAG 








TCAGGATui I CUGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGA 

TGGGGAGGGGGAAGATCIAGATAAAGCGGATCGAGAACACGACG 
AACCGGCAGGTGACCTTCTGCAAGCGCCGCAATG 

CATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTC 

TCGATCCGCTTTATCTAGATCTTCCCCCTCCCCATCTTCTCGCTG 
CTCCCCGCCGCCACCGCCGC CGACGATCCTGA 

GGAAGATCIAGATAAAG 



v;V:::-:: : :w:::y<<:-::-x1 

Ml 



CTTTATCTAGATCTTCC 

TCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGG 
AGGGGGAAGATCGAGATATAGCGGATCGAGAACACGACGAACCG 
GCAGGTGACCTTCTGCAAGCGCCGCAATGGCCTCC 

GGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTC 

GTGTTCTCGATCCGCTATATCTCGATCTTCCCCCTCCCCATCTTCT 
CGCTGCTCCCCGCCGCCACC GCCGCCGACGA 

TCGAGATATAGCGGATC 
GATCCGCTATATCTCGA 

GUGGTGGCGGCGGGGAGCAGCGAGAA GA I GGGGAGGGGG AAG 

ATCGAGATAAAGCGGATCTAGAACACGACGAACCGGCAGGTGAC 
CTTCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 

CCTTCTTCAGGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGC 

CGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
CCCATCnCTCGCTGCTCCCC GCCGCCACCGC 

AGCGGATCTAGAACACG 
CGTGTTCTAGATCCGCT 



5126 



5127 



5128 
5129 



5130 



5134 



5135 
5136 



20 



25 



Table 16 

Oligonucleotides to produce male-sterile plants 




PI 



Cucumis sativus 

Tyr21Tenm 

TAT-TAG 



.™ . n™w,GAA I AGAGAAC I CAAGCAAT 

AGACAAGTT AC ATAGTC AAAGAGAAGAAATGGTATC ATCAAAAAAG 
CCAAAGAAATTACTGTTCTTTGCGATGCT 



AGCATCGCAMGMCAGTMTTTCTTTGGCTTTTTIGATGATACCAT 

nCTTCTCTTTGACTATGTAACTTGTCTATTGCTTGAGTTCTCTATTG 
TTrTTATTTCTATTTTCCCTCTTnnn 




5138 



WO 01/92512 



PCT/US01/17672 



-90- 



10 



15 



20 



Male-sterile 
PI 

Cucumis sativus 

Ser22Term 

ITCA-TGA 



Male-sterile 
PI 

Cucumis sativus 

Lys23Tenn 

AAG-TAG 



Male-sterile 

I PI 

Cucumis sativus 

|Arg24Term 

AGA-TGA 



iMaie-sterue 
PI 

\Malus domestica 

Tyr21Term 

TAC-TAG 



m 

GTTACATAGTCAAAGAG 

CTCTTTGACTATGTAAC 

GAAGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAG 
ACAAGTTACATATTGAAAGAGAAGAAATGGTATCATCAAAAAAGCC 

AAAGAAATTACTGTTCTTTGCGATGCTCA 

TGAGCATCGCAAAGAACAGTAA7TTCTTTGGC linn GATGATACC 
ATnCTTCTCTTTCMTATGTMCTITGTCTATTGCTTGAGTTCTCTAT 

TCTTTTTATTTCTATTTTCCCTCTTC 
TACATATTGAAAGAGAA 

TTCTCTTTC AATATGT A 

AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 
MGTTACATATTCATAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 

GAAATTACTGTTCTTTGCGATGCTCAAG 

CTTGAGCATCGCAAAGAACAGTAATTTCTTTGGC I MM iGATGATA 
CCATTTCTrCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 

TATTCTTTTTATTTCTATTTTCCCTCT 



CATATTCATAGAGAAGA 

TCTTCTCTATGAATATG 

GGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGACAAG 
TTACATATTCAAAGIGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 

ATTACTGTTCTTTGCGATGCTCAAGTTT 

AMCTTGAGCATCGCAMGMCAGTMTnCTTTGGCTTTTTTGATG 
ATACCATTTCTTCACTTTGMTATGTMCnGTCTATTGCTTGAGTT 

CTCTATTCTTTTTATTTCTATTTTCCC 

ATTCAAAGTGAAGAAAT 

ATTTCTTCACTTTGAAT 



CAGGCAGGTGACCT AGTCCAAGAGGAGGAATGGGATTATCAAGAA 
GGCAAAGGAGATCACTGTTCTATGTGATGCT 
AGCATCACATAGMCAGTGATCTCCTTTGCCTTCTTGATAATCCCA 
TTCCTCCTCTTGGACTAGGTCACCTGCCTGTTACTTGAGTTCTCAA 

TCCTCTTGATCTCAACCTTCCCACGTCCC 
GTGACCTAGTCCAAGAG 

CTCTTGGACTAGGTCAC 



5139 
5l¥ 

5UT 



5142 



5143 



5146 



5150 



5154 



5155 
5156 



WO 01/92512 



-91- 



PCT/US01/17672 



10 



15 



20 



25 




3ft 






Male-sterile 
PI 

\ Malus domestica 

Lys23Term 

IMG-TAG 



[Male-sterile 
PI 

Malus domestica 

lLys30Term 

IMG-TAG 



! Male-sterile 
PI 

\ Malus domestica 

Lys31Tenm 

IMG-TAG 



le-stenie 
jglobosa 
{Antirrhinum majus 
Gly2Term 
GGA-TGA 



Male-sterile 
globosa 

Antirrhinum majus 

Arg3Term 

AGA-TGA 



CGTGGGMGGTTGAGATCMGAGGATTGAGMCTCMGTMCAGG 
CAGGTGACCTACTCCTAGAGGAGGMTGGGATTATCMGMGGCA 
MGGAGATCACTGTTCTATGTGATGCTAMG 

CTTTAGCATCACATAGMCAGTGATCTCCTTTGCCTTCTTGATMTC 

CCATTCCTCCTCTAGGAGTAGGTCACCTGCCTGTTACTTGAGTTCT 
CMTCCTCTTGATCTCM CCTTCCCAnR 

CCTACTCCTAGAGGAGG 



mi 



CCTCCTCTAGGAGTAGG 



AGGATTGAGMCTCMGT MCAGGCAGGTGACCT ACTCCMGAGG 

AGGMTGGGATTATCTAGMGGCAMGGAGATCACTGTTCTATGTG 
ATGCTAMGTATCTCTTATCATTTATTnTA 



5157 



5158 



5159 



rAGMTAMTGATMGAGATACTTTAGCATCACATAGMCAGTGATC 

TCCTTTGCCnCTAGATMTCCCATTCCTCCTCTTGGAGTAGGTCA 
CCTGCCTGTTACTTGAGT TCTCAATCfTr 

GGATTATCTAGMGGCA 
TGCCTTCTAGATAATCC 

ATTGAGMCTCMGTMCAGGCAGGTGACCTACTCCMGAGGAGG 

MTGGGATTATCMGTAGGCMAGGAGATCACTGTTCTATGTGATG 
CTAMGTATCTCTTATCATTTATTCTAGCT 

AGCTAGMTAMTGATMGAGATACTTTAGCATCACATAGMCAGT 

GATCTCCTTTGCCTACTTGATMTCCCATTCCTCCTCTTGGAGTAG 
GTCACCTGCCTGTTACTT GAGTTnTrAAT 

TTATCMGJAGGCAMG 
CTTTGCCTACTTGATAA 



5160 
516? 



5162 



5163 
5164 
5165 



5166 



:amcaaamcmgagagmmacm 

amcmmmatgigmgaggaaamttgagatcaamgmttgag 
mctcmgcmcaggcaggttacttact 

agtmgtmcctgcctgttgcttgagttctcmttcttttgatctca 

ATTTTTCCTCTTCACAI 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 1 ctctcttgtttttg 

TTTGCAGATMCTATTGT AAAAATfi 

mmmtgigmgagga 
tcctcttcac ai 1 1 1 1 1 

1 1 1 1 AUAA I agttatctgcamcaaamcmgagagaaaaacaaam 

CAAAAAMTGGGATGAGGAAAMTTGAGATCAAMGMTTGAGMC 
TCMGCMCAGGCAGGTTACTTACTCM 

TTGAGTMGTAACCTGCCTGTTGCnGAGTTCTCMTTCTTTTGATC 
TCMTTTTTCCTCATCCCA I rTTTTTGTTTl I GTTTTTCTCTCTTGTT 
TTTGTTTGCAGATMCTATTGTAAAA 



5167 
5168 



5W 



5170 



5173 



5174 



WO 01/92512 



PCT/US01/17672 



-92- 




Male-sterile 
globosa 

Antirrhinum maps 

Gly4Term 

GGA-TGA 



Male-sterile 
globosa 

Antirrhinum maps 

LysCTerm 

AAA-TM 



Male-sterile 
PI 

lea mays 
LysSTerm 
AAG-TAG 



Male-sterile 
PI 

Zea mays 
Lys7Term 
AAG-TAG 



TACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAA 
AAAMTGGGMGATGAAAAATTGAGATCAAAAGAATTGAGAACTCA 

AGCAACAGGCAGGTTACTTACTCAAAGA 



TCTTTGAGTAAGTAACCTGCCTGnGCnGAGTTCTCAAnCTTTTG 

ATCTCMTTTnCATCTTCCCATTTTTTTGTTTT^ 
GTTTTTGTTTGCAGATAACTATTGTA 



TGGGAAGAIGAAAAATT 



AATTTTTCATCTTCCCA 

AATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAAA 
AATGGGAAGAGGATAAATTGAGATCAAAAGAATTGAGAACTCAAGC 
AACAGGCAGGTTACTTACTCAAAGAGAA 



TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTT CTCAAT TCTT 
TTGATCTCAATTTATCCTCTTCCCA 1 1 1 1 1 1 IGI 1 1 1 1 GTTTTTCTCT 
CTT G mTTGTTI G CAGATAACTATT 



GAAGAGGAIAAATTGAG 



CTCAATTTATCCTCTTC 



AGTATGGGGCGCGGCIAGATCAAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 



GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 
TCTTGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCC 
CAAACAGATCCAAGGGCAGCAAGAGCTCAGC 



GGCGCGGCTAGATCAAG 



CTTGATCTAGCCGCGCC 

CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCIAGATCAAGAGGATCGAGAACTCTACCAAC 

CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 

CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 



GCAAGATCJAGATCAAG 



C7TGATCTAGATCTTGC 



5178 



5179 



5180 



5182 



5183 



5184 




5186 



5187 



5188 
5189 



5190 



5191 



5192 



WO 01/92512 



93 



PCT/US01/17672 




Male-sterile 
PI 

lea mays 
Lys9Term 
IAAG-TAG 



Male-sterile 
PI 

lea mays 

Glu12Term 

GAG-TAG 



le-sterile 

PI 

\Zeamays 
Lys5Term 
IAAG-TAG 



Male-sterile 
PI 

|Zea mays 
IGIu7Term 
GAG-TAG 



Male-sterile 
PI 

\Zeamays 
!Lys9Term 
IAAG-TAG 



CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 



|SEM. 




CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 



GCAAGATCTAGATCAAG 



CTTGATCTAGATCTTGC 

GATCTGTTTGGGAGTGGAGAACGCAGTATGGGGCGCGGCAAGAT 
CAAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 



5193 



5194 



5195 



CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTTGATCTTGCCGCGC 
CCCATACTGCGTTCTCCACTCCCAAACAGATC 



AGAGGATCTAGAACTCT 



AGAGTTCTA6ATCCTCT 

AGTATGGGGCGCGGCTAGATCGAGATCMG^G^TCG^GMCTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 



5196 
5197 



5198 



5199 



5200 



GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTCGATCTAGCCGCGCCCCATACTCCGTTCTCCACTCC 

CTAACAGATTCAAGGGCAGCAAGAGCTCAGC 



GGCGCGGCTAGATCGAG 



CTCGATCTAGCCGCGCC 

CTCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 



5202 



5203 



CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTCCGTTCTC 
CACTCCCTAACAGATTCAAGGGCAGCAAGAG 



GCAAGATCTAGATCAAG 



CTTGATCTAGATCTTGC 

CTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCG 
CGGCAAGATCGAGATCTAGAGGATCGAGAACTCTACCAACCGGCA 
GGTGACCTTCTCCAAGCGCCGGGCCGGACTGG 



5204 
5205 



5206 



5207 



CCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 

GAGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 
CGTTCTCCACTCCCTAACAGATTCAAGGGCAG 



5208 
5209 



5210 



WO 01/92512 



PCT/US01/17672 



-94- 













■ 


TCGAGATCIAGAGGATC 


5211 






GATCCTCTAGATCTCGA 


5212 




Male-sterile 
PI 

Zea mays 


AATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCIAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5213 


5 


Glu12Term 
GAG-TAG 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
CGGTTGGTAGAGTTCTAGATCCTCTTGATCTCGATCTTGCCGCGC 
CCCATACTCCGTTCTCCACTCCCTAACAGATT 


5214 






AGAGGATCTAGAACTCT 


5215 






AGAGTTCTAGATCCTCT 


5216 




Male-sterile 
PI 

O/yzasafn/a 


TTGCTGCTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGG 
CGGGATGGGGCGCGGGTAGATCGAGATCAAGAGGATCGAGAACT 
CCACCAACCGCCAGGTGACCTTCTCCAAGCGCA 


5217 


10 


Lys5Term 
AAG-TAG 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCC 

TCnGATCTCGATCTACCCGCGCCCCATCCCGCCTCCTCCTCCTC 

CTCCTCCTTCCTCCAGCTAGCTTAGCAGCAA 


5218 






GGCGCGGGTAGATCGAG 


5219 






CTCGATCTACCCGCGCC 


5220 


■ 


Male-sterile 
PI 

Oryza saliva 


CTAAGCT AGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGA 
TGGGGCGCGGGAAGATCTAGATCAAGAGGATCGAGAACTCCACC 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 


5221 


15 


Glu7Term 
GAG-TAG 


CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTC 
TCGATCCTCTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCT 
CCTCCTCCTCCTCCTTCCTCCAGCTAGCTTAG 


5222 


■ 




GGAAGATCTAGATCAAG 


5223 






CTTGATCTAGATCTTCC 


5224 




Male-sterile 
PI 

O/yza safrva 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 

GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 

CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 


5225 


20 


Lys9Term 
AAG-TAG 


GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 






TCGAGATCIAGAGGATC 


5227 






GATCCTCTAGATCTCGA 


5228 



* 



WO 01/92512 PCT/US01/17672 

-95- 




Male-sterile 
PI 

Oryzasativa 

Glu12Term 

GAG-TAG 



gaaggaggaggaggaggaggaggcgggatggggcgcgggaaga 
tcgagatcaagaggatctagaactccaccmccgccaggtgacct 
tctccaagcgcaggagcgggatcctcaagaagg 

CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 

ggttggtggagttctagatcctcttgatctcgatcttcccgcgcc 

CCATCCCGCCTCCTCCTC CTCCTCnTnnTrn 

agaggatcjagaactcc 



5229 



5230 



5231 



WO 01/92512 



PCT/US01/17672 



-96- 

Example 7 

Engineering plants for abiotic stress tolerance 

Environmental stresses, such as drought increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many currently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It is known, for example, that increasing 
levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underlying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyrroline-tcarboxylate synthetase, which 
results in accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contamination by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underlying tolerance is the production of dicarboxylic acids such 
as oxalate and citrate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer stress tolerance in plants. 



WO 01792512 



97 



PCT/US01/17672 



Table 17 

Genome-Alt ering Ofiaos Conferring Stress Tolerance 




Salt Tolerance 
P5CS 

Arabidopsis thaliana 

Phe128Ala 

TTT-GCT 



■s 



V. 



CGTCTTTTTGT6TGGTAGTTGGATGTGACGGTTGCTCAAATGCTT 

GTGACCGATAGCAGTGCTAGAGATAAGGATTTCAGGAAGCAACTT 

AGTGAAACTGTCAAAGCGATGCTGAGGATGA 



TCATCCTCAGCATCGCTnGACAGTTTCACTAAGTTGCTTCCTGM 
ATCCTTATCTCTAg£ACTGCTATCGGTCACAAGCATTTGAGCAACC 
GTCACATCCAACTACCACACAAAAAGACG 



ATAGCAGTGCTAGAGAT 



ATCTCTAGCACTGCTAT 



«tti§§ 



5233 



5234 



5235 



5236 



Salt Tolerance 
P5CS1 

Brassica napus 

Phe128Ala 

TTC-GCC 



Salt Tolerance 
P5CS2 

Brassica napus 

Phe129Ala 

TTC-GCC 



Salt Tolerance 
P5CS 

Oryza sativa 
Phe128Ala 
TTT-GCT 



GAGACI AiGI I IG^CCAGCTGGATGTgACGGCTGCTCAGCTGCTG 
GTGMTGACAGTAGTGCCAGAGACAAGGAGTTCAGGAAGCAACTT 
AATGAGACAGTGAAGTCCATGCTTGATTTGA 



TCAMTCMGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGAA 
CTCCTTGTCTCTGGCACTACTGTCATTCACCAGCAGCTGAGCAGC 
CGTCACATCCAGCTGGTCAAACATAGTCTC 



ACAGTAGTGCCAGAGAC 



GTCTCTGGCACTACTGT 

GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTG 
GTGACTGATAGCAGTGJCAGAGATAAGGATTTCAGGMGCAACTT 
AGTGAGACAGTCAAAGCTATGCTGAAAATGA 



5537 



5238 



5239 



TCATTTTCAGCATAGCTTTGACTGTCTCACTAAGTTGCTTCCTGAA 

ATCCTTATCTCTGACACTGCTATCAGTCACCAGCATTTGAGCCACC 

GTCACATCCATCTGGTCAAACATAGTCTC 



ATAGCAGTGTCAGAGAT 



ATCTCTGACACTGCTAT 

GATATGTTGTTTAACCAACTGGATGTCTCGTCATCTCAACTTCTTG 

TCACCGACAGTGATGCTGAGAACCCAAAGTTCCGGGAGCAACTCA 

CTGAAACTGTTGAGTCATTATTAGATCTTA 



5240 
5241 



5242 



5243 



TAAGATCTAATAATGACTCAACAGTTTCAGTGAGTTGCTCCCGGAA 
CTTTGGGTTCTCAGCATCACTGTCGGTGACAAGAAGTTGAGATGA 
CGAGACATCCAGTTGGTTAAACAACATATC 



ACAGTGATGCTGAGAAC 



GTTCTCAGCATCACTGT 



5244 
5245 



5246 



5247 



5248 



WO 01/92512 



PCT/US01/17672 



-98- 







mi 

mm 






Salt Tolerance 
P5CS 

Medicago sativa 

Phe128Ala 

TTT-GCT 


GATAI 1 1 IGI 1 IAGTCAGCTGGATGTGACATCTGCTCAGCTTCTTG 
TTACTGACAATGATGCTAGAGACCAAGAn 1 TAGAAAGCAACTTTC 
TGAAACTGTGAGATCACTTCTAGCACTAA 


5249 

4 


TTAGTGCTAGMGTGATCTCACAGTTTCAGAAAGTTGCTTTCTAAA 

ATCTTGGTCTCTAGCATCATTGTCAGTAACAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 


5250 


ACAATGATGCTAGAGAC 


5251 


flTnTfTAGCATPA 11(41 


5252 


Salt Tolerance 
P5CS 

Actinidia deliciosa 

Phe128Ala 

TTT-GCT 


fiATAPA 1 1 (i I I 1 AflTrAfirTRfiATflTfiArATrAfinTnAGnTACTC 

GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACTTA 
CTGAAACTGTAGAATCACTATTGAATTTGA 




TCAMTTCAATAGTGATTCTACAGTTTCAGTAAGTTGCTTCCTGAAT 
TCTGGATCCCTAGCATCATTATCAGTAACGAGTAGCTGAGCTGAT. 
GTCACATCCAGCTGACTAAACAATGTATC 


5254 


ATAATGATGCTAGGGAT 


5255 


ATfWTAftPATrATTAT 
A 1 uuu 1 AVJvA 1 L/A 1 Inl 




Salt Tolerance 
P5CS 

Cichorium intybus 

Phe122Ala 

TTC-GCC 


ftAPAPAf 'KM 1 PACTrAArTftfcATCTfiAPATPAftPAPAftfTTrTT 
Ununwnw 1 w 1 1 wAU 1 unnu 1 Oun 1 0 1 OAL/A 1 unUununUu 1 Iwl 1 

GTMCAGATMTGACGCCAGMGTCCAGMTTTAGAAAACAACTTA 
CTGAAACAGTCGATTCTTTATTATCTTATA 




TATMGATMTAMGMTCGACTGTTTCAGTMGTTGTTTTCTAAAT 

TCTGGACTTCTGGCGTCATTATCTGTTACAAGAAGCTGTGCTGAT 

GTCACATCCAGTTGACTGAAGAGTGTGTC 


5258 


ATAATGACGCCAGAAGT 


5259 


AmTrTftGCftTPATTAT 

Aw 1 Ivi VJwwO 1 On 1 1 A 1 


v4Uv 


Salt Tolerance' 
P5CS 

Lycopersicon 
esculentum 
Phe128Ala 
TTT-GCT 


GAnCTTTGTTCAGTCAGTTGGATGTGACATCAGCTCAGCTTCTGG 
TGACTGATAATGACGCTAGAGATCCAGAI 1 1 1 AGGAGACAACTCAA 
TGACACAGTAAATTCGTTGC 1 1 1 CTCTAA 


5261 


nAGAGAMGCMCGAATTTACTGTGTCATTGAGTTGTCTCCTAAA 
ATCTGGATCTCTAGCGTCATTATCAGTCACCAGAAGCTGAGCTGA 
TGTCACATCCAACTGACTGAACAAAGAATC 


5262 


ATAATGAC6CTAGAGAT 


5263 


ATCTCTAGCGTCATTAT 


5264 


OCUl lUiCICulUC 

P5CS 

Vigna unguiculata 

Phe162Ala 

TTT-GCT 


V3A 1 nuv/n IOI 1 u/^OvvAuw 1 1 \Jr\ 1 Ol Ortw 1 1 vi 1 wwwnns; 1 Ivi 1 VJ 

TGMTGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACTTTC 
GGACACAGTGAACGCGTTATTAGATTTAA 


5?R*> 


nAAATCTMTMCGCGnCACTGTGTCCGAMGTTGTTTTCTGAA 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 


5266 


ATGGATTTGCTAGGGAT 


5267 



WO 01/92512 



99 



PCT/US01/17672 



Salt Tolerance 
P5CS 

Mesembryanthemum 
crystallinum 
Phe125Ala 
TTT-GCT 




iatt Tolerance 
P5CS 

Vitis vinifera 
Phe130Ala 
TTT-GCT 



ATCCCTAGCAAATCCAT 

GACACCl IGI I lAGlCAtiTTGGATCTGACTGCTdCTCAGCTGCTT 

GTGACGGACMCGACGCTAGAGATCCAAGTTTTAGAACACAACTA 
ACTGAAACAGTGTATCAGTTGTTGGATCT AA 



5268 



TTAGATCCAACAACTGATACACTGTTTCAGTT AGTTGTGTTCTAAAA 
CTTGGATCTCTAGCGTCGTTGTCCGTCACAAGCAGCTGAGCAGCA 
GTCAGATCCAACTGACTAAACAAGGTGTC 



ACAACGACGCTAGAGAT 



Salt Tolerance 
P5CS 

Vigna aconitifolia 

Phe129Ala 

TTT-GCT 



ATCTCTAGCGTCGTTGT 

iCACATTATTTAGCCAGCTGGATGTGACATCAGCTCAGCTTCTT 
GTGACTGATAATGATGCTAGGGATGMGCTTTCCGAAATCAACTTA 
CTCAAACAGTGGATTCATTGTTAGCTTTGA 



5269 



5270 



5271 



5272 



TCAMGCTMCMTGMTCCACTGTTTGAGTAAGTTGATTTCGGAA 

AGCTTCATCCCTAGCATCATTATCAGTCACAAGAAGCTGAGCTGAT 
GTCACATCCAGCTGGCTAAATAATGTGTC 



ATAATGATGCTAGGGAT 



ATCCCTAGCATCATTAT 



olerance 
HKT1 

Arabidopsis thaliana 

Ser207Val 

TCC-GTC 



gatacgctgttcactcagctcgATgtgaCATCggCTcaGCttctT 
gtgacggatmcgatgctcgagataaggatttcaggmgcagctt 

ACTGAGACTGTGAAGTCGCTGTTGGCGCTGA 



5274 



5275 



5276 



TCAGCGCCAACAGCGACTTCACAGTCTCAGTAAGCTGCTTCCTGA 

AATCCTTATCTCGAGCATCGTTATCCGTCACAAGMGCTGAGCCG 
ATGTCACATCGAGCTGAGTGAACAGCGTATC 



ATAACGATGCTCGAGAT 



ATCTCGAGCATCGTTAT 

AGAGATGTTCTTAGTTCCAAAGAAATCTCACCICICACl I ICTO 
TCTTCACMCAGTTGICACGTTT GCAAACTGCGGATTTGTCCCCAC 
GAATGAGAACATGATCATCTTTCGCAAAA 



5277 



5278 



5279 



TTTTGCGAMGATGATCATGTTCTCATTCGTGGGGACAAATCCGCA 

GTTTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 
TGAGATTTCTTTGGAACTAAGAACATCTCT 



CAACAGTTGTCACGTTT 



AAACGTGACAACTGTTG 



Salt Tolerance 
HKT1 

Arabidopsis thaliana 

Gln237Leu 

CAA-CTA 



CGAATGAGAACA I GAI CAl C I rTCGCAAAAACTcTGGTCTCATCTG 

GCTCCTAATCCCTCTAGTACTGATGGGAAACACTTTGTTCCCTTGC 
TTCTTGGTTTTGCTCATATGGGGACTTTA 



5282 



5283 



5284 



TAAAGTCCCCATATGAGCAAAACCAAGAAGCAAGGGAACAAAGTG 
TTTCCCATCAGT ACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 
TTTTTGCGAAAGATGATCATGTTCTCATTCG 



5285 



5286 



WO 01792512 



100 



PCT/US01/17672 




AATCCCTCT AGTACTGA 



5287 



TCAGTACTAGAGGGATT 



5288 



Salt Tolerance 
HKT1 

Arabidopsis thaliana 

Asn332Ser 

AAT-AGT 



AgtctCtAGaAGGaatgagTTcgtacgagaagttggttggatcgt 
tgtttcmgtggtgagttcgcgacacaccggagaaactatagtag 
acctctctacactttccccagctatcttggt 



52W 



ACCAAGATAGCTGGGGAAAGTGTAGAGAGGTCTACTATAGTTTCT 

CCGGTGTGTCGCGAACTCACCACTTGAAACAACGATCCAACCAAC 

TTCTCGTACGAACTCATTCCTTCTAGAGACT 



5290 



AGTGGTGAGTTCGCGAC 



GTCGCGAACTCACCACT 



5291 
5292 



SaffTolerance 
HKT1 

Eucalyptus 
camaldulensis 
Ser256Val 
TCG-GTG 



AGAGATGTGCTAAAGAAGAAAGGTCTCAAAA I GG I GACC 1 1 1 ICC 

GTCnCACCACCGTGCTGACCTTTGCCAGTTGTGGGTTTGTCCCG 

ACCAATGAAAACATGATTATCTTCAGCAAAA 



5293" 



TTTTGCTGAAGATAATCATGTTTTCATTGGTCGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 
TTTTGAGACCTTTCTTCTTTAGCACATCTCT 



5294 



CCACCGTGGTGACCTTT 



5295 



AAAGGTCACCACGGTGG 



5296 



SaitTolerance 
HKT1 

Eucalyptus 
camaldulensis 
Gln286Leu 
CAG-CTG 



WMTGJ\AaACATGATTATCTTCAGCAAaAAcTCTGGCCTCCTCCT 
GATTCTCATCCCTCTGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 



5297 



CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCMGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 

gagtttttgctgaagataatcatgttttcattgg 



5298 



catccctciggcccttc 



5299 



gaagggccagagggatg 



5300 



SaitTolerance 
HKT1 

Eucalyptus 
camaldulensis 
Asn381Ser 
AAC-AGC 



aatcGTTgaaTGgaCTaAgcTcctgtgagaaaatcgtgggcgcgc 
tgtttcagtgcgtgagcagcagacataccggcgagacggtcgtc 
gatctgtccacagttgctcccgccatcttggt 



5301 



accaagatggcgggagcaactgtggacagatcgacgaccgtctc 
gccggtatgtctgctgctcacgcactgaaacagcgcgcccacga 
ttttctcacaggagcttagtccattcaacgatt 



5302 



GTGCGTGAGCAGCAGAC 



5303 



GTCTGCTGCTCACGCAC 



5304 



WO 01/92512 

PCT/US01/17672 

-101- 




ialt Tolerance 
HKT1 

0/yza saffva 
Ser238VaJ 
TCC-6TC 



Salt Tolerance 
HKT1 

0/yza sativa 
Gln268Leu 
CAG-CTG 



Salt Tolerance 
HKT1 

0/yza sativa 

Asn363Ser 

MC-AGC 



Salt Tolerance 
HKT1 

Triticum aestivum 

Ala240Val 

GCC-GTC 



Salt Tolerance 
HKT1 

Triticum aestivum 

Gln270Leu 

CAG-CTG 



^GCTCCACTGAAGAAGAAAGGGA I CAACA I I GCACTCTTCTCAT 

TCTCGGTCACGGTCGTCTCGTTTGCGAATGTGGGGCTCGTGCCG 
ACAAATGAGAACATGGCAATCTTCTCCAAGA 

TCTTGGAGAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCCCA 

CATTCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCTTC AGTGGAGCTTT 

TCACGGTCGTCTCGTTT 
AAACGAGACGACCGTGA 



CAAAT(iA(iAAUA TGGCAATCT I CTCCAAGAACCCGGGCCTCCTCC 

TCCTGTTCATCGGCCTGATTCTTGCAGGCAATACACTTTACCCTCT 
CTTCCTAAGGCTATTGATATGGTTCCTGGG 



5306 



tUUCI rACCAGAAGATTATCAATGCATT 



CCCAGGAACCATATCAATAGCCTTAGGAAGAGAGGGTAAAGTGTA 

TTGCCTGCAAGMTCAGGCCGATGAACAGGAGGAGGAGGCCCGG 
GTTCTTGGAGAAGATTGCCATGT TCTCATTTQ 

catcggcctgattcttg 
caagaa tcaggccgatg 

Sore 

GnCATGGCAGTGAGCGCMGGCACTCGGGGGAGAA^CTCCATCG 
ACTGCTCACTCATCGCCCCTGCTGTTCTAGT 

ACTAGAACAGCAGGGGCGATGAGTGAGCAGTCGATGGAGTTCTC 

CCCCGAGTGCCTTGCGCJCACTGCCATGAACMTGCATTGATAAT 
CTTCTGGTAAGAGCTGAGTCC ATCAAAGACTG 

GGCAGTGAGCGCAAGGC 
GCCTTGCGCTCACTGCC 

TT5 



5307 
5308 



5310 



5311 
5312 



iCAAUAAAGGGATCAACATl 



5314 



5315 
5316 



TGCTCTTCTCAC 

TATCAGTCACCGTTGICTCCTGTGCGAATGCAGGACTCGTGCCCA 
CAAATGAGAACATGGTCATCTTCTCAAAGAA 

TTCnTGAGAAGATGACCATGTTCTCATTTGTGGGCACGAGTCCT 

GCATTCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 
GATGTTGATCCCTTTCTTGTT CAGTGGGGCAC 

CACCGTTGTCTCCTGTG 
CACAGGAGACAACGGTG 



; AAA rGAGAACA I (3C3TCATCTTCTCAAAGAATTCAGGCCTCTTGTT" 

GCTGCTGAGTGGCCTGATGCTCGCAGGCAATACATTGTTCCCTCT 
CTTCCTGAGGCTACTGGTGTGGTTnnTfinn 



5317 



5318 



5319 
5320 



CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGMCAATGT 

ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AAnCTTTGAGAAGATGACC ATGTTCTCATTTfl 

GAGTGGCCTGATGCTCG 



532T 



5322 



5323 



WO 01/92512 



-102- 



PCT/US01/17672 




oierance 
HKT1 

Triticum aestivum 

Asn365Ser 

AAT-AGT 



CGAGCATCAGGCCACTC 

CAGlCl I IG^I'GGGCtCAGCTCTTATCAGMGACTGTCSSrGI 
CTTCATGGTGGTGAGTGCGAGGCACTCAGGGGAGAATTCCATCG 
ACTGCTCGCT CATGTCCCCTGCC ATTATAGT 



ACTATAATGGCAGGGGACATGAGCGAGCAGTCGATGGAATTCTCC 
CCTGAGTGCCTCGCACTCACCACCATGMGAATGCATTGACAGTC 
TTCTGATAAGAGCTGAGCCCATCAAAGACTG 



GGTGGTGAGTGCGAGGC 



GCCTCGCACTCACCACC 



5326 



5327 



5328 



10 



Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis ihaliana 

Arg7Term 

CGA-TGA 



1 1 1 1 1 1 II GTmCGTmCAAAMCAAMTCTTTGAATnTATGGCA 
ACCCGTCTTCT CTGMCAAACTTTATCCGGCGATCTTACCGTTTAC 
CCGCTTTTAGCCCGGTGGGTCCTCCCA 



TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 
CGGATAAAGTTTGTT CAGAGAAGACGGGTTGCCATAAAATTCAAA 
GATTTTGTTTTTGAAAACGAAAACAAAAAAAA 



GTCTTCTCTGAACAAAC 



GTTTGTTCAGAGAAGAC 



5329 



5330 



5331 



5332 



15 



Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis ihaliana 

Arg13Term 

CGA-TGA 



TCAAAMCAAMTCTTTGAATnTATGGCAACCCGTCTTCTCAGAA 
CAAACTTTATCCGGTGATCTTACCGTTTACCCGCTTTTAGCCCGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 



CGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGGCTAAAAGC 
GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGACG 

GGTTGCC ATAAAATTCAAAGA 1 1 1 IGI IIIIGA 



TTATCCGGTGATCTTAC 



GTAAGATCACCGGATAA 



5333 



5334 



5335 



5336 



20 



Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis ihaliana 

Tyr15Term 

TAC-TAG 



AAMTCTnGMTTTTATGGCAACCCGTCTTCTCCGAACAAACTTTA 
TCCGGCGATCTTAGCGTTTACCCGCTTTTAGCCCGGTGGGTCCTC 
CCACCGTGACTGCTTCCACCGCCGTCGTC 



GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 
CTAAAAGCGGGTAAACGCTAAGATCGCCGGATAAAGTTTGTTCGG 
AGAAGACGGGTTGCCATAAAATTCAAAGATTTT 



CGATCTTAGCGTTTACC 



GGTAAACGCTAAGATCG 



5337 



5338 



5339 



5340 



WO 01/92512 

PCT/US01/17672 

-103- 



10 



15 



20 



25 



30 




Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Leu17Tenm 

TTA-TAA 




Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Gly42Term 

GGA-TGA 



.eaa tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Arg4Term 
CGA-TGA 



Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
GlnST erm 
CAA-TAA 



CTTTGAATnTATGGCAACCCGTCTTCTCCGAACMACTTTATCCG 



GCGATCTTACCGnAACCCGCTTTTAGCCCGGTGGGTCCTCCCAC 
CGTGACTGCTTCCACCGCCGTCGTCCCGGA 

TCCGGGACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCA 

CCGGGCTAAAAGCGGG7TAACGGTAAGATCGCCGGATAAAGTTTG 
TTCGGAGAAGACGGGTTGCCATAAAATTCAAA G 
TTACCGTTAACCCGCTT 

AAGCGGGTJAACGGTAA 

CCGGTGGGTCCTCCCACCGTGACTGCTTCCACCGCCGTCGTCCC 
GGAGATTCTCTCCTTTTGACAACAAGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 
CATCGTGAGATTGCTCGGTGGG 1 1 1 1 GGGTGGTGAAGAGGTGGT 

TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 
GGTGGAAGCAGTCACGGTGGGAGGACCCACCGG 
TCTCCTTTJGACAACAA 

TTGTTGTCAAAAGGAGA 

AUAIUAAGCAGIGAMICICIGI FIGIAI IGAAICTTAI lAGrCTCA 

AACTATGAATTTCTGACAAGAGAAGTTTGTAAGGTCAGTGTTCCAG 
ATTrGTCTCATTGAATTCT AAGTCGTGA 

TCACGACTT AGAATrCMTGAGACAAATCTGGAACACTGACCTTAC 

AMCTTCTCTTGTCAGAAATTCATAGTTtGAGACTAATMGATTCAA 
TACAAACAGAGATTTCACTGCTTCATGT 

TGAATTTCTGACAAGAG 
CTCTT GTCAGAAATTCA 

TGAAGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAAC 

TATGAATTTCCGATAAGAGAAGTTTGTAAGGTCAGTGTTCCAGATT 
TGTCTCATTGAATTCTAAGfCGTGAAGC 

GCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCT 

TACAAACTTCTCTTATCGGAAATTCATAGTTTGAGACTAATAAGATT 
CMTACAAACAGAGATTTCACTGCTTCA 

ATTTCCGATAAGAGAAG 
CTTCTCTT ATCGGAAAT 



5341 



5342 



5343 
5344 

5345 



5346 



5347 
5348 



*5W 



5350 



5351 



Lead Tolerance 
cyclic nucleot'de- 
regulated ion channel 
Arabidopsis thaliana 
GluoTerm 
GAG-TAG 



AGCAGTGAMTCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTAT 

GMTTTCCGACAATAGAAGTTTGTAAGGTCAGTGTTCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCTTA 

TAAGCTTCACGACTTAGMTTCAATGAGACAAATCTGGAACACTGA 

CCTTACAMCTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 
GATTCAATACAAACAGAGATTTnAfTGfrr 



5354 



5355 
5356 



5357 



5358 



WO 01/92512 



PCT/US01/17672 



-104- 



TCCGACAATAGAAGTTT 



AAACTTCTATTGTCGGA 



Lead Tolerance . 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Lys7Term 
AAG-TAG 



AGTGAAATCTCTGTTTGTATTGMTCTTATTAGTCTCAAACTATGAA 
TTTCCGACAAGAGIAGTTTGTAAGGTCAGTGTTCCAGATTTGTCTC 

ATTGAATTCTAAGTCGTGAAGCTTAATT 
AATTMGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACAC 
TGACCTTACAAACTACTCTTGTCGGAMTTCATAGTTTGAGACTAA 

TAAGATTCAATACAAACAGAGATTTCACT 

GACAAGAGTAGTTTGTA 



Lead Tolerance 
cyclic nudeotide- 
regulated ion channel 
Arabidopsis thafiana 
Gln12Term 
CAA-TAA 



TACAAACTACTCTTGTC 

CATTGAATTCTAAGTCGTGAAGCTTMTTCGATTCT 1 C I IUAUI I l(J 
TCGGATCAGGTTTIAAGATTGGAAGTCGGATAAGACTTCCTCCGA 

CGTGGAATATTCCGGTAAAAACGAGATTC 
GMTCTCGTrTTTACCGGAATATTCCACGTCGGAGGAAGTCTTATC 
CGACTTCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACTTAGAATTCAATG 



TCAGGTTTTAAGATTGG 



CCAATCTTAAAACCTGA 



Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotians Tabacum 

Gln5Term 

CAA-TAA 

Lead Tolerance 
cyclic nucleotide- 
gated calmoduHn- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Gly7Term 

GAG-TAG 



TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GTTATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTGG 

AMTCAGAGAGMGCTCTGAGGGAAATTTTC 
GAAMTTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAMCTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 

ACCTGCTCAACGTGGGGGATTGACTTCCA 

ATCACCGCTAAGACGAG 

CTCGTCTTAGCGGTGAT 

TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAMGTTATG 
MTCACCGCCMGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 

GAGAGAAGCTCTGAGGGAAATTTTCATGCTA 
TAGCATGAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 
AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 

GCATCAACCTGCTCAACGTGGGGGATTGA 

GCCAAGACTAGTTTGTG 



CACAAACTAGTCTTGGC 



5359 



5360 



5361 



5362 



5363 



5364 
5365 



5366 



5367 



5368 
5369 



5370 



5371 
5372 

5373 



5374 



5375 



5376 



WO 01/92512 



105 



PCT/US01/17672 




Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Gln12Term 

CAG-TAG 



GAGCAGGTTGATGCATTGGCTAAAGTTATGAATCACCGCCAAGAC 
GAGTTTGTGAGGTTTTAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 



GGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAGCTTCTCTC 

TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATMCTTTAGCCAATGCATCAACCTGCTC 



TGAGGTTTTAGGATTGG 



CCAATCCTAAAACCTCA 



5377 



5378 



5379 



5380 



Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Trp14Term 

TGG-TGA 



TGATGCATTGGCTAMGTTATGAATCACCGCCAAGACGAGTTTGT 
GAGGTTTCAGGATTGTAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 



TTTACnCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAG 

CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 



CAGGATTGTAAATCAGA 



TCTGATTTACAATCCTG 



Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- . 
binding ion channel 
(CBP4) 

Njcotiana Tabacum 

Lys15Term 

AAA-TAA 



GATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGTG 
AGGTTTCAGGATTGGIAATCAGAGAGAAGCTCTGAGGGAAATTTT 
CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 



CTTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGA 

GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAG CC AATGCATC 



AGGATTGGTAATCAGAG 



CTCTGATTACCAATCCT 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
GDuZTerm 
GAA-TM 



CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 
TGGAGATAATGATGTAAAGAGAGGACAGATATGTTAGATTTCAGGA 
CTGCAAATCAGAGCAATCTGTTATCTCAG 



CTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAACATA 

TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCT AAGAGTGGTAGATCAATTCTTCAAG 



TMTGATGTAAAGAGAG 



CTCTCTTTACATCATTA 



5381 



5382 



5383 



5384 



5385 



5386 



5387 



5388 
538? 



5390 



5391 



5392 



WO 01/92512 



106 



PCT/US01/17672 




Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Arg3Term 
AGA-TGA 



GMGMTTGATCTACCACTCTTAGCT6CTMCTGTTCGCCTGGTG 
GAGATAATGATGGAATGAGAGGACAGATATGTTAGATTTCAGGAC 

TGCAAATCAGAGCAATCTGTTATCTCAGAGA 



TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCATTCCATCATTATCTCCACCAGGCGMCAGTT 

AGCAGCTAAGAGTGGTAGATCAATTCTTC 



TGATGGAATGAGAGGAC 



GTCCTCTCATTCCATCA 



5393 



5394 



5395 



5396 



10 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Glu4Term 
GAG-TAG 



GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 
ATAATGATGGAAAGATAGGACAGATATGTTAGATTTCAGGACTGCA 

AATCAGAGCAATCTGTTATCTCAGAGAACG 



5397 



CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 
MCATATCTGTCCTATCTTTCCATCATTATCTCCACCAGGCGMCA 
GTTAGCAGCTAAGAGTGGTAGATCAATTC 



5398 



TGGAAAGATAGGACAGA 



5399 



TCTGTCCTATCTTTCCA 



5400 



15 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Arg6Term 
AGA-TGA 



ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACIGATATGTTAGATTTCAGGACTGCAAATCA 

GAGCAATCTGTTATCTCAGAGAACGCAGTTT 



5401 



AMCTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 
AMTCTMCATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 
CGAACAGTTAGCAGCTAAGAGTGGTAGAT 



5402 



GAGAGGACTGATATGTT 



5403 



AAC ATATC AGTC CTCTC 



5404 



20 



Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum vulgare 
Tyr7Term 
TAT-TAG 



CCACTCTT AGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
AAGAGAGGACAGATAGGTTAGATTTCAGGACTGCAAATCAGAGCA 

ATCTGTTATCTCAGAGAACGCAGTTTCACCA 



5405 



TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAMTCTMCCTATCTGTCCTCTCTTTCCATCATTATCTCCAC 
CAGGCGAACAGTTAGCAGCTAAGAGTGG 



5406 



GACAGATAGGTTAGATT 



5407 



AATCTAACCTATCTGTC 



5408 



25 



30 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Arabidopsis thaliana 
Glu2Term 

GAG-TAG 



ATCCTTCTCTGAGAAAAAACMCAGATCCGMTnTATCTTTAATCA 
GCCGGAAAAAATGTAGAAAGCGATCGAGAGACAACGCGTTCTTCT 

TGAGCATCTCCGACCTTCTTCTTCTTCTT 



5409 



AAGAAGAAGAAGMGGTCGGAGATGCTCAAGAAGAACGCGTTGTC 
TCTCGATCGCTTTCTACA 1 1 1 1 1 1 CCGGCTGATTAAAGATAAAATTC 
GGATCTGTTG 1 1 1 1 1 1 CTCAGAGAAGGAT 



5410 



WO 01/92512 „ 

PCT/US01/17672 

-107- 



10 



15 



20 




resistance 
3-ketoacyl-CoA 
thiolase 

Arabidopsis thaliana 

Lys3Term 

AAA-TAA 



AAAAAATGTAGAAAGCG 
CGCTTTCTACAI 1 1 1 1 1 



CI I C I C I GAGAAAAAACAACAGATCCGAA 1 1 1 IAICTI I AATCAGC 

CGGAAAAAATGGAGTAAGCGATCGAGAGACAACGCGTTCTTCTTG 
AGCATCTCCGACCTTCTTCTTCTTCTTCGC 

GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 

TGTCTCTCGATCGCnACTCCATTTTTTCCGGCTGATTAAAGATM 
AATTCGGATCTGTTGTmT TCTCAGAGAAG 

AAATGGAGTAAGCGATC 
GATCGCTTACTCCATTT 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Arabidopsis thaliana 

GluSTerm 

GAG-TAG 



2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 

Arabidopsis thaliana 

Arg7Term 

AGA-TGA 



GAAAAMCMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAA 

TGGAGAAAGCGATCTAGAGACMCGCGTTCTTCTTGAGCATCTCC 
GACCTTCTTCTTCTTCTTCGCACAATTACG 

CGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAA 

GMCGCGTTGTCTCTAGATCGCTTTCTCCATTTTTTCCGGCTGATT 
AMGATAAMTTCGGATC TGTTGTTTTTTH 

AAGCGATCTAGAGACAA 
TTGTCTCTAGATCGCTT 

AAMCMCAGATCCGMTTTTATCTTTAATCAGCCGGAAAAAATGG 

AGAAAGCGATCGAGTGACAACGCGTTCTTCTTGAGCATCTCCGAC 
CTTCTTCTTCTTCTTCGCACAATTACGAGG 

CCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAA 

GMGMCGCGTTGTCACTCGATCGCTTTCTCCATTTTTTCCGGCT 
GATTAMGATAAAATTCG GATCTGTTGTTTT 

CGATCGAGTGACAACGC 
GCGTTGTCACTCGATCG 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Arabidopsis thafiana 

GlnffTerm 

CAA-TM 



ACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGGAGA 

AAGCGATCGAGAGATAACGCGTTCTTCTTGAGCATCTCCGACCTT 
CTTCTTCTTCTTCGCACAATTACGAGGCTT 

AAGCCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCT 

CMGMGMCGCGTTATCTCTCGATCGCTTTCTCCATTTTTTCCGG 
CTGATTAAAGATAAAATTC GGATnTGTTRT 

TCGAGAGATAACGCGTT 
AACGCGTTATCTCTCGA 



Ht, 



5411 
5412 



5414 



5415 
5416 



5417 



5418 



5419 
5420 
542? 



5422 



5423 
5424 



5425 



5426 



5427 
5428 



WO 01/92512 



108 



PCT/US01/17672 




2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 
precursor 
Brassica napus 
6lu26Term 
GAA-TM 



2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Ser32Term 

TCA-TGA 



2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Cys34Term 

TGC-TGA 



2,4-DB resistance 

glyoxysomal beta- 

ketoacyoi-thiolase 

precursor 

Brassica napus 

Leu35Term 

TTG-TAG 



GAGAGACAAAGAGTTCTTCTTGAACATCTCCGTCCTTCTTCTTCTT 
CCTCTCACAGCTTTTAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGC 
TGGGGACAGTGCTGCGTATCAGAGGACCT 



AGGTCCTCTGATACGCAGCACTGTCCCCAGCCMGCAAGCTGAA 
GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGAAGG 
ACGGAGATGTTCAAGAAGAACTCTTTGTCTCTC 



ACAGCTTTTAAGGCTCT 



AGAGCCTTAAAAGCTGT 

TTGAACATCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGC7TGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 



ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCTCAAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGTTCAA 



CTCTGCTTfiAGCTTGCT 



AGCAAGCTCAAGCAGAG 

TCTCCGTCCTTCTTCTTCTTCCTCTCACAGCn 1 GAAGGCTCTCTC 
TCTGCTTCAGCTTGATTGGCTGGGGACAGTGCTGCGTATCAGAG 
GACCTCTCTCTATGGAGATGATGTAGTCATT 



AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 
ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCCTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 



TCAGCTTGATTGGCTGG 



CCAGCCAATCAAGCTGA 

TCCGTCCncnCTTCnCCTCTCACAGCTTTGAAGGCTCTCTCTC 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATCAGAGGA 
CCTCT CTCTATG GAGATGATGT AGTC ATTGT 



ACAATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCA 
GCACTGTCCCCAGCCTAGCAAGCTGAAGCAGAGAGAGAGCCTTC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGACGGA 



AGCTTGCTAGGCTGGGG 



CCCCAGCCTAGCAAGCT 



5430 



5431 



5432 



5434 



5435 



5438 



5439 



5440 



5442 



5443 



CAAA 
I i i 



WO 01/92512 

PCT7US01/17672 

-109- 



10 



15 



20 



25 



2,4-DB resistance 

glyoxysomal beta- 

ketoacyol-thiolase 

precursor 

Brassica napus 

Tyr42Term 

TAT-TAG 



2,4-DB resistance 

3-ketoacyl-CoA 
thiolase B 
MangHera indica 
Tyr25Tenm 
TAC-TAG 



2,4-DB resistance 
3-ketoacyol-CoA 
thiolase B 
Magnifera indica 
Glu26Term 
GAG-TAG 



2,4-DB resistance 
3-ketoacy\ol-CoA 
thiolase B 
Mangifera indica 
Ser32Term 
TCA-TGA 



WBSBSm 

w 



MM 



TCACAGCTTTGAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGCTGG I 5445 
GGACAGTGCTGCGTAGCAGAGGACCTCTCTCT ATGGAGATGATGT 
AGTCATTGTTGCGGCACATAGGACTGCACTA 

TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA I 5446 

GAGAGAGGTCCTCTG£TACGCAGCACTGTCCCCAGCCAAGCAAG 
CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 
GCTGCGTAGCAGAGGAC ~ | 5447 

GTCCTCTGCTACGCAGC 

CAACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTC 

TTCTTCTCACAATTA6GAGTCCGCTCTTGCCGCATCAGTATGTGCT 
GCAGGGGATAGCGCCGCATATCATAGGGCT 

AGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAATTGTGAGAAGAAGAATTAGAAGGGC 
GGAGATGCTGGAGCAACACTTG CTGTCTGTTR 

CACAATTAGGAGTCCGC 
GCGGACTCCTAATTGTG 

AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTCTT 

CTTCTCACAATTACTAGTCCGCTC7TGCCGCATCAGTATGTGCTG 
CAGGGGATAGCGCCGCATATCATAGGGCTT 

AAGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATG 

CGGCAAGAGCGGACTAGTAATTGTGAGAAGAAGAATTAGAAGGG 
CGGAGATGCTGGAGCAACACTT GCTGTCTGTT 

ACAATTACTAGTCCGCT 
AGCGGACTAGT AATTGT 



5450 



TCCAGCATCTCCGCCCTTCTAATTCTTCTTCTCACAATTACGAGTC 

CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGCGCCGCAT 
ATCATAGGGCTTCTGTTT ATGGAGACGATGT 

ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 

CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTAATTGTGA 
GAAGAAGAATTAGAAGGGCGGA GATGCTGGA 

TGCCGCATGAGT ATGTG 
CACATACTCATGCGGCA 



5454 



5458 



5459 
5460 



WO 01/92512 



PCT/US01/17672 



-HO- 



10 



15 



20 





2,4-DB resistance 
3-ketoacyl-CoA 

thiolase B 
Mangifera indica 
Cys34Term 
TGT-TGA 



2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 
Mangifera indica 
Tyr42Term 
TAT-TAG 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Tyr22Term 

TAC-TAG 



2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 

Cucumis sativus 
Glu25Tenm 
GAA-TAA 
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TCTCCGCCCTTCTAATTCTrCTTCTCACAATTACGAGTCCGCTCTT 
GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 
GGCTTCTGTTTATG6AGACGATGTGGTGATT 
AATCACCACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGC 
GCTATCCCCTGCAGCTCATACTGATGCGGCAAGAGCGGACTCGT 

AATTGTGAGAAGAAGMTTAGAAGGGCGGAGA 
TCAGTATGAGCTGCAGG 

CCTGCAGCTCATACTGA 

TCACAATTACGAGTCCGCTCTTGCCGCATCAGTATGTGCTGCAGG 
GGATAGCGCCGCATAGCATAGGGCTTCTGTTTATGGAGACGATGT 

GGTGATTGTGGCAGCTCATCGTACTGCACTT 
MGTGCAGTACGATGAGCTGCCACAATCACCACATCGTCTCCATA 
AACAGAAGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 

TGATGCGGCAAGAGCGGACTCGTAATTGTGA 
GCCGCATAGCATAGGGC 

GCCCTATGCTATGCGGC 



GAAGGCGATCAACAGGCAGAGCATTTTGCTACATCATCTCCGGCC 
TTCnCTTCCGCTTAGACAAATGAATCTTCGCTCTCTGCATCGGTT 

TGTGCAGCTGGGGATAGTGCTTCGTATCAA 
TTGATACGAAGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGMGAAGGCCGGAGATGATG 
TAGCAAAATGCTCTGCCTGTTGATCGCCTTC 
TCCGCTTAGACAAATGA 



TCATTTGTCTAAGCGGA 

ATCMCAGGC AGAGCA 1 1 1 1 GC rACATCATCTCCGGCCTTCTTCTT 
CCGCTTACACAAATTAATCTTCGCTCTCTGCATCGGTTTGTGCAGC 
TGGGGATAGTGCTTCGTATCAAAGGACAT 
ATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATTTGTGTAAGCGGAAGAAGAAGGCCGG 

AGATGATGT AGCAAAATGCTCTGCCTGTTGAT 
ACACAAATTAATCTTCG 

CGMGATTAATTTGTGT 



5461 



5462 



5463 
5464 

5465 



5466 



5467 
5468 



5469 



5470 



5471 



5474 



WO 01/92512 



111 
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2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 

Cucumis sativus 
Ser27Term 
TCG-TAG 



2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 

Cucumis sativus 
Ser31Tenm 
TCG-TAG 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Cys33Term 

TGT-TGA 



GGCAGAGCATTTTGCTACATCATCTCCGGCCTTCTTCTTCCGCTTA 

CACAMTGMTCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGGA 
TAGTGCTTCGTATCAAAGGACATCGGTGTT 



AACACCGATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATTTGTGTAAGCGGAAGAAGAA 
GGCCGGAGATGATGTAGCAAAATGCTCTGCC 



TGAATCTTAGCTCTCTG 



CAGAGAGCTAAGATTCA 



2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucurbita sp. 

Tyr22Temi 

TAT-TAG 



TGCTACATCATCTCCGGCCTTCTTCTTCCGCTTACACAAATGAATC 

TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 
TCAAAGGACATCGGT GTTTGGAGATGATGT 



5477 



ACATCATCTCCAAACACCGATGTCCTTTGATACGMGCACTATCCG 

CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATTTGTGTAAG 

CGGAAGAAGAAGGCCGGAGATGATGTAGCA 



CTCTGCATAGGTTTGTG 



CACAAACCJATGCAGAG 

TCATCTCCGGCCnCTTCTTCCGCTTACACAAATGAATCTTCGCTC 

TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 
ACATCGGTGTTTGGAGATGATGTCGTGATT 



AATCACGACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCA 

CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATTT 
GTGTAAGCGGAAGAAGAAGGCCGGAGATGA 



TCGGTTTGAGCAGCTGG 



CCAGCTGCTCAAACCGA 



GAAGGCAATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCC 

TTCATCTTCGGCTTAGAGCCATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGT GCGTCGTATCAA 



TTGATACGACGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 

CGMGATTCATGGCTCTAAGCCGAAGATGAAGGCCGGAGATGAT 
GTAGCAGAATGCTCTGCCTGTTGATTGCCTTC 



TCGGCTTAGAGCCATGA 



TCATGGCTCTAAGCCGA 



5478 



5479 



5480 



5481 



5482 



5483 



5484 
5485 



5486 



5487 



5488 



5489 



5490 



5491 



5492 



WO 01/92512 
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2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

CucuMa sp. 

Glu25Tenn 

GAA-TM 



2,4-DB resistance 
3-ketoacyi-CoA 
thiolase 
Cucurbita sp. 
Ser27Term 
TCG-TAG 



2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 
Cucurbita sp. 
Ser31Term 
TCG-TAG 



2,4-DB resistance 
3-ketoacyl-CoA 
thiolase 
Cucurbita sp. 
Cys33Term 
TGT-TGA 



2,4 DB resistance 
Pex14 

Arabidopsis fhaliana 

Gin5Term 

CAG-TAG 



ATCAACAGGCAGAGCArTCTGCTACATCATCTCCGGCCTTCATCn 
CGGCnATAGCCAnMTCTTCGCTCTCTGCATCGGTTTGTGCAG 
CTGGGGATAGTGCGTCGTATCAAAGAACGT 



ACGTTCTTTGATACGACGCACTATCCCCAGCTGCACAMCCGATG 
CAGAGAGCGAAGATTAATGGCTATAAGCCGAAGATGAAGGCCGG 
AGATGATGTAGCAGAATGCTCTGCCTGTTGAT 
ATAGCCATTAATCTTCG 

CGAAGATTAATGGCTAT 

GGCAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTTCGGCTT 
ATAGCCATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGG 
ATAGTGCGTCGTATCAAAGAACGTCGGTGTT 
AACACCGACGTTCTTTGATACGACGCACTATCCCCAGCTGCACM 
ACCGATGCAGAGAGCIAAGATTCATGGCTATAAGCCGAAGATGAA 

GGCCGGAGATGATGTAGCAGAATGCTCJGCC 



5493 



TGAATCTTAGCTCTCTG 
CAGAGAGCTAAGATTCA 

TGCTACATCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCGTCGTA 

TCAAAGAACGTCGGTGTTTGGAGATGATGT 

ACATCATCTCCAAACACCGACGTTCTTTGATACGACGCACTATCCC 
CAGCTGCACAAACCIATGCAGAGAGCGAAGATrCATGGCTATAAG 
CCGAAGATGAAGGCCGGAGATGATGTAGCA 
CTCTGCATAGGTTTGTG 

CACAAACCTATGCAGAG 

TCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 

ACGTCGGTGTTTGGAGATGATGTCGTGATA 
TATCACGACATCATCTCCAAACACCGACGTTCTTTGATACGACGCA 
CTATCCCCAGCTGCICAAACCGATGCAGAGAGCGAAGATTCATGG 
CTATAAGCCGAAGATGAAGGCCGGAGATGA 
TCGGTTTGAGCAGCTGG 



5494 



CCAGCTGCTCAAACCGA 



5495 
5496 

5497 



5498 



5499 
5500 
550? 



5502 



5503 
5504 

5505 



5506 



5507 



5508 



rCAIAGICICI 1 1 IGCCGCI IbbAITCl ICCAAGGI lAGIGAGUb I bbU9 
CTATGGCMCTCATIAGCAAACGCAACCTCCTTCCGATTTTCCCG 

CTCTTGCCGATGAAAATTCCCAGATTCCAG 

CTGGMTCTGGGMTTTTCATCGGCAAGAGCGGGAAAATCGGAAG I 5510 
GAGGTTGCGTnGCTAATGAGTTGCCATAGCAGCTCACTAACCTT 
ftGAAGAATCCAAGCGGCAAAAGAGACTATGA 



WO 01792512 



113 



PCT/US01/17672 




2,4 DB resistance 
Pex14 

Arabidopsis thaliana 

Gln6Term 

CAA-TAA 



2,4 OB resistance 
Pex14 

Arabidopsis thaliana 

Gln8Term 

CM-TM 



2,4 DB resistance 
Pex14 

Arabidopsis thaliana 

Glu19Term 

GAA-TM 



2,4 DB resistance 
Pex14 

Arabidopsis thaliana 

Gln22Term 

CAG-TAG 





CAACTCATTAGCAAACG 
CGTTTGCTAATGAGTTG 

TAGTCTCTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTA 
TGGCAACTCATCAGTAAACGCMCCTCCTTCCGATTTTCCCGCTC 
TTGCCGATGAAAATTCCCAGATTCCAGGTT 

AACCTGGAATCTGGGAATnTCATCGGCAAGAGCGGGAAAATCGG 

AAGGAGG7TGCGTTTACTGATGAGTTGCCATAGCAGCTCACTAAC 
CTTGGAAGAATCCAAGC GGCAAAAGAfiAnTA 

CTCATCAGIAAACGCAA 
TTGCGTTTACT GATGAG 

CTTTTGCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTATGGCA 

ACTCATCAGCAAACGTAACCTCCTTCCGAT7TTCCCGCTCTTGCC 
GATGAAAATTCCCAGATTCCAGGTTCAATTT 

AAATTGAACCTGGAATCTGGGAA 1 1 1 1 CATCGGCAAGAGCGGGAA 

AATCGGAAGGAGGTTACG7TTGCTGATGAGTTGCCATAGCAGCTC 
ACTAACCTTGGAAGAATC CAAGCGGCAAAAG 
AGCAMCGTAACCTCCT 

AGGAGGTTACGTTT GCT 

GCTGCTATGGCAACTCATCAGCAAACGCMCCTCCTTCCGATl 1 1 

CCCGCTCnGCCGATTAAAATTCCCAGATTCCAGGTTCAATTTACA 
CCnCTMTCATTATTTCTTAATTTTTCTT 

AAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATTGAACCTGG 
AATCTGGGMTTTTAATCGGCAAGAGCGGGAAAATCGGAAGGAG 
GTTGCGTTTGCTGATGAG TTGCCATAGCAGC 

TTGCCGA7TAAAATTCC 
GGAATTTTAATCGGCAA 

GCAACTCATCAGCAAACGCAACCTCCTTCCGATTTTCCCGCTCTT 

GCCGATGAAAATTCCTAGATTCCAGGTTCMTTTACACCTTCTAAT 
CAnATnCTTAATTTTTCTTTGGTGGATT 

AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATT 

GAACCTGGAATCTAGGAATTTTCATCGGCAAGAGCGGGAAAATCG 
GAAGGAGGTTGCGTTTGCT GATGAGTTGC 

AAAATTCCJAGATTCCA 
TGGAATCTAGGAATTTT 



<•: __ w _ 



5511 
5512 
"5513" 



5514 



5515 
5516 
5517 



5518 



5519 
5520 
5521 



5522 



5523 
5524 



5525 



5526 



5527 
5528 
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Example 8 

Production of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to harness these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 

5 acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of right energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 

1 0 process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 



10 



15 



20 



25 




White leaves 
Immutans 

Arabidopsis thaliana 
Ser5T erm 
TCA-TGA 



TTCTTTCCTGTGAAATTATCTGCTCAAATCTTTGGTTCCTGACGGAG 
ATGGCGGCGATTTGAGGCATCTCCTCTGGTACGTTGACGATTTCA 
CGGCCTTTGGTT ACTCTTCGACGCTCTAG 



CTAGAGCGTCGMGAGTAACCAAAGGCCGTGAAATCGTCAACGTA 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATTTCACAGGAAAGM 



GGCGATTTGAGGCATCT 



AGATGCCTCAAATCGCC 



White leaves 
Immutans 

Arabidopsis thaliana 

Leu12Term 

TTG-TAG 



White leaves 
Immutans 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 



GC 'I CAAATC TTT GG I TCC T GACGGAGA T GGCGGCGAT TT CAGGCA 
TCTCCTCTGGTACGTAGACGATnCACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 



GAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAGAGTAACCAAA 
GGCCGTGAAATCGTCTACGTACCAGAGGAGATGCCTGAAATCGCC 
GCCATCTCCGTCAGGAACCAAAGATTTGAGC 



TGGTACGTAGACGATTT 



AAATCGTCTACGTACCA 



TTTGGTTCCTG ACGGAGA I GGCGGCGA TTT CAGGCA I C T CC T C T G 
GTACGTTGACGATnGACGGCCTTTGGTTACTCTTCGACGCTCTAG 
AGCCGCCGTTTCGTACAGCTCCTCTCACCG 



CGGTGAGAGGAGCTGTACGAAACGGCGGCTCTAGAGCGTCGMG 
AGTAACCAAAGGCCGTCAAATCGTCAACGTACCAGAGGAGATGCC 
TGAAATCGCCGCCATCTCCGTCAGGAACCAAA 



GACGATTTGACGGCCTT 



AAGGCCGTCAAATCGTC 



White leaves 
mmutans 

Arabidopsis thaliana 
Arg22Term 

CGA-TGA 



GCGGCGATTTC AGGCA T C T CC T C I GG I ACG TT GACGA TTT CACGG 
CCnTTGGTTACTCTTTGACGCTCTAGAGCCGCCGTTTCGTACAGCT 
CCTCTCACCGATTGCTTCATCATCTTCCTC 



GAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 



TTACTCTTTGACGCTCT 



AGAGCGTCAAAGAGTAA 



5529 



5530 



5531 



5532 



5531 



5534 



5535 



5536 



3537 



5538 



5539 



5540 



5541 



5542 



5543 



5544 



WO 01/92512 
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White leaves 
Immutans 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCCTCTGGTACG I7GACGA 1 1 1 CACGGCCTTTGG1 TA 

CTCnCGACGCTCTTGAGCCGCCGTTTCGTACAGCTCCTCTCACC 

GAnGCTTCATCATCTTCCTCTCTCTTCTC 


5545 


GAGAAGAGAGAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTG 
TACGAAACGGCGGCTCAAGAGCGTCGAAGAGTAACCAAAGGCCG 
TGAAATCGTCAACGTACCAGAGGAGATGCCTGA 


5546 


GACGCTCTTGAGCCGCC 


5547 


GGCGGCTCAAGAGCGTC 


5548 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Gly11Term 

GGA-TGA 


fiATTCTTCT(^f^GGMGMGGATCMGMTGGCGAT^ 

CTGCTATGAGTTTnGMCCTCAGTTTCTTCATATTCTTGTTTTAGA 
GCTAGGAGTT7TGAGAAGTCATCAGTTT 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGAATATGAA 
GAAACTGAGGTTCAAAAACTCATAGCAGAAATCGAAATCGCCATTC 
TTGATCCTTCTTCCTTCCCACAAGAATC 


5550 


TGAGTTTTTGAACCTCA 


5551 


TGAGGTTCAAAAACTCA 


5552 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser13Term 

TCA-TGA 


GTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTTCTeCTA 
TGAGTTTT GGAACCT G AGTTTCTTCATATTCTTGTTTTAGAGCTAGG 
AGTTTTGAGAAGTCATCAG 1 1 1 IATGCAA 


5553 


TTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGA 

ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

GCCATTCTTGATCCTTCTTCCTTCCCAC 


5554 


TGGAACCTGAGTTTCTT 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser16Term 

TCA-TGA 


MGMGGATCMGMTGGCGATTTCGATTTCTGCTATGAGTTTTGG 
MCCTCAGTTTCnGATATTCTTGTTTTAGAGCTAGGAGTTTTGAGA 

a afavaa* a*>. A aawah A AaaBamav a «v aav aa a a awap A ^Mv ^a a ^ax a a 

AGTCATCAGI 1 1 1 ATGCAATTCCCAGAA 


5557 


TTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTAGCTC 
TAAAACAAGAATATCAAGAAACTGAGGTTCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATCCTTCTT 


5558 


AGTTTCTTgATATTCTT 


5559 


AAGAATATCAAGAAACT 


5560 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Tyr17Term 

TAT-TAG 


AGGATCMGMTGGCGATTTCGATTTCTGCTATGAGTTTTGGAACC 
TCAGTTTCTTC ATAGTC 1 IGI 1 1 1 AGAGCTAGGAGTTTTGAGAAGTC 
ATCAGI 1 1 1 ATGCAATTCCCAGAACCCA 


5561 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACAAGACTATGMGAAACTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGCCATTCTTGATCCT 


5562 


TCTTCATAGTCTTGTTT 


5563 


AAACAAGACTATGAAGA 


5564 
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White leaves 

Immutans 

Lycopersicon 


AAGMTGGCGATTTCGATTTCTGCTATGAGTTTTGGAACCTCAGTT 
TCTTCATATTCTTGA7TTAGAGCTAGGAGTTTTGAGAAGTCATCAGT 
1 1 1 ATGCAATT CCCAGAACCCATGTCGG 


5565 


esculentum 
Cys19Term 

lol-l uA 


CCGACATGGGTTCTGGGMTTGCATAAAACTGATGACTTCTCAAAA 
CTCCTAGCTCTAAATCAAGAATATGAAGAAACTGAGGTTCCAAAAC 
TCATAGCAGAAATCGAAATCGCCATTCTT 


5566 




TATTCTTGATTTAGAGC 


5567 




GCTCTAAATCAAGAATA 


5568 


White leaves 
Immutans 
Capsicum annuum 


CGCGTCCGATAAAAAAATCAAGAATGGCGATITCCATATCTGCTAT 
GAGTTTTCGAACTTGAGTTTCTTCTTCATATTCAGCA 1 1 1 1 IGTGCA 
ATTCCAAGAACCCATTTTGTTTGMTTC 


5569 


Ser13Term 
TCA-TGA 


GAATTCAAACAAAATGGGTTCTTGGAATTGCACAAAAATGCTGAAT 
ATGAAGAAGAAACT CAAGTTCGAAAACTCATAGC AGATATGGAAAT 
CGCCATTCTTGAi mil lATCGGACGCG 


5570 




TCGAACTTGAGTTTCTT 


5571 




AAGAAACTCAAGTTCGA 


5572 


White leaves 
Immutans 
Capsicum annuum 


AAAAATCAAGAATGGCGATTTCCATATCTGCTATGAGTTTTCGAACT 
TCAGTTTCTTCTTfiATAnCAGCATTTTTGTGCAATTCCAAGAACCC 
ATTTTGTTTGAATTCTCTATTTTCACT 


5573 


Ser17Term 
TCA-TGA 


AGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATTGCACA 
AAMTGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 

A AAT1TAA1 A i TA A A A 1 AWA 1 

AGATATGGAAATCGCCATTCTTGAi nil 


5574 


■ 


TTC7TCTTGATATTCAG 


5575 




CTGAATATCAAGAAGAA 


5576 


White leaves 
Immutans 
Capsicum annuum 


CMGAATGGCGATTTCCATATCTGCTATGAGTmTCGAACTTCAGT 
TTCTrCnCATAnGAGCATTTTTGTGCAATTCCAAGAACCCAT'nT 
Gl 1 1 GAATTCTCTATTTTCACTTAGGAA 


5577 


Ser19Term 
TCA-TGA 


TTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATT 
GCACAAAAATGCTCAATATGAAGAAGAAACTGAAGTTCGAAAACTC 

ATA AAAAATATAAl A A TA A A A 1 IT ATT A 

ATAGC^GATATGGAAATCGCCATTCTTG 


5578 




1 ICAIAI 1GAGCAI 1 1 1 


5579 




AAAATGCTCAATATGAA 


5580 


White leaves 
Immutans 
Capsicum annuum 


CGAmCCATATCTGCTATGAGTTnCGMCTTCAGmCTTCTTCA 
TATTCAGCAI 1 1 1 AGTGCMTTCCMGMCCCATTTTGTTTGMTTC 
TCTAI 1 1 1 CACTTAGGAATTCTCATAG 


5581 


Leu21Term 
TTG-TAG 


CTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTT 

CTTGGMTTGCACIAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

CGAAAACTCATAGCAGATATGGAAATCG 


5582 




AGCAI 1 1 IAGIGCAAI 1 


5583 




AATTGCACJAAAATGCT 


5584 
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White leaves 
Immutans 
Capsicum annuum 
Cys22Term 
TGC-TGA 


TTCCATATCTGCTATGAGTT^ 

CAGCATTTTTGTGAAATTCCAAGAACCCA 1 1 1 1 GTTTGAA7TCTCTA 
TTTTCACTTAGGAATTCTCATAGAACT 


5585 


AGTTCTATGAGAATTCCTMGTGAAAATAGAGAATTCAAACAAAATG 

GGTrCTTGGMTTTCACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGTTCGAAAACTCATAGCAGATATGGAA 


5586 


TTTTTGTGAAATTCCAA 


5587 


TTGGAATTTCACAAAAA 


5588 


White leaves 

Immutans 

Oryzasativa 

Glu22Term 

GAG-TAG 


7TCGGCACGAGGGAGAAGGAGCAGACCGAGGTGGCCGTCGAGG 

AGTCCTTCCCCTTCAGGIAGACGGCTCCTCCTGACGAGCCACTGG 

TCACCGCCGAGGAGAGCTGGGTGGTTAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 
TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 
CACCTCGGTCTGCTCCTTCTCCCTCGTGCCGAA 


5590 


CC7TCAGGTAGACGGCT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 

Immutans 

Oryzasativa 

Glu28Term 

CAG-TAG 


GAGCAGACCGAGGTGGCCGTCGAGGAGTCCTrCCCCTTCAGGGA 
GACGGCTCCTCCTGACIAGCCACTGGTCACCGCCGAGGAGAGCT 
GGGTGGTTAAGCTCGAGCAGTCCGTGAACATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTGGCTAGTCAGGAGGAGCCGTCTCCCTGAAGGGG 
AAGGACTCCTCGACGGCCACCTCGGTCTGCTC 


5594 


CTCCTGACTAGCCACTG 


5595 


CAGTGGCTA.GTCAGGAG 


5596 


White leaves 
Immutans 
Oryza sativa 
Glu34Term 
GAG-TAG 


GTCGAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGA 
GCCACTGGTCACCGCCIAGGAGAGCTGGGTGGTTAAGCTCGAGC 
AGTC CGTG AAC ATTTTCCT C ACGGAGT C AGT C A 


5597 


TGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCTTAA 
CCACCCAGCTCTCCTAGGCGGTGACCAGTGGCTCGTCAGGAGGA 

k ^Aw ^AV ^AAW ••^Aa^B* ^>k. ^^ht jA a A ^^A J0Av ^Av iA\ A A ^A A ^^*^^» ^A AAkA A 

GCCGTCT CCCT GAAGGGGAAGGACTCCTCGAC 


5598 


TCACCGCCIAGGAGAGC 


5599 


GCTCTCCTAGGCGGTGA 


5600 


White leaves 
Immutans 
Oryza sativa 
Glu35Term 
GAG-TAG 


GAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCC 
ACTGGTCACCGCCGAGIAGAGCTGGGTGGTTAAGCTCGAGCAGT 
CCGTGAACATTTTCCTCACGGAGTCAGTCATCA 


5601 


TGATGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCT 
TAACCACCCAGCTCTACTCGGCGGTGACCAGTGGCTCGTCAGGA 
GGAGCCGTCTCCCTGAAGGGGAAGGACTCCTC 


5602 


CCGCCGAGTAGAGCTGG 


5603 


CCAGCTCTACTCGGCGG 


5604 
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I White leaves 

Immutans 

Oryzasativa 

|Trp37Term 

TGG-TGA 



CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCACTGGTCAC 

CGCCGAGGAGAGCTGAGTGGTTAAGCTCGAGCAGTCCGTGAACA 

TTTTCCTCACGGAGTCAGTCATCACGATACTT 



AAGTATCGTGATGACTGACTCCGTGAGGAAAATGTTCACGGACTG 

CTCGAGCTTAACCACTCAGCTCTCCTCGGCGGTGACCAGTGGCTC 
GTCAGGAGGAGCCGTCTCCCTGAAGGGGAAG 



GAGAGCTGAGTGGTTAA 



TTAACCACTCAGCTCTC 



5605 



5606 



5607 



5608 



{White leaves 
Immutans 
Triticum aestivum 
|Trp22Tefm 
TGG-TGA 



TCCGGAGGAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCG 
GCGAGGACGGCGACTGAGTCGTCAGATTCGAGCAGTCCTTCMC 
GTATTCCTCACGGATACTGTCATCTTT ATACTC 



GAGTATAMGATGACAGTATCCGTGAGGAATACGTTGAAGGACTG 
CTCGAATCTGACGACTCAGTCGCCGTCCTCGCCGGCGAGGGTGA 
GCTCCTCGTCGAATCCCCCTTCCTCCTCCGGA 



GGCGACTGAGTCGTCAG 



CTGACGACICAGTCGCC 



5609 



5610 



5611 



5612 



I White leaves 
Immutans 
Triticum aestivum 
|Arg25Term 
AGA-TGA 



GAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCIGATTCGAGCAGTCCTTCAACGTATTCC 
TCACGGATACTGTCATCTTTATACTCGATATTC 



GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCCTCGCCGGCGA 
GGGTGAGCTCCTCGTCGAATCCCCCTTCCTC 



GGGTCGTCJGATTCGAG 



CTCGMTCAGACGACCC 



5613 



5614 



5615 



5616 



| White leaves 
Immutans 
Triticum aestivum 
|Glu27Term 
GAG-TAG 



White leaves 
Immutans 
Triticum aestivum 
Gln28Term 
CAG-TAG 



GGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 

ACTGGGTCGTCAGATTCTAGCAGTCCTTCAACGTATTCCTCACGGA 

TACTGTCATCTTTATACTCGATATTCTGTATC 



GATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGMTAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCCGTCCTCGCC 
GGCGAGGGTGAGCTCCTCGTCGAATCCCCC 



TCAGATTCJAGCAGTCC 



GGACTGCTAGAATCTGA 



5617 



5618 



5619 



5620 



GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCGACTG 
GGTCGTCAGATTCGAGTAGTCCTTCMCGTATTCCTCACGGATACT 
GTCATCTTTATACTCGATATTCTGTATCGTG 



CACGATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAA 
TACGTTGAAGGACTACTCGAATCTGACGACCCAGTCGCCGTCCTC 
GCCGGCGAGGGTGAGCTCCTCGTCGAATCC 



GATTCGAGIAGTCCTTC 



GAAGGACTACTCGAATC 



5621 



5622 



5623 



5624 
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White leaves 
Immutans 
Tnbcum aesbvum 


CGAGCAGTCCTTCAACGTATTCCTCACGGATACTGTCATCTTTATA 
CTCGATATTCTGTAGCGTGACCGCGACTACGCAAGGTTCTTCGTG 
CTCGAGACCATCGCCAGGGTGCCCTATTTC 


5625 


Tyr46Term 
TAT-TA6 


GAAATAGGGCACCCTGGCGATGGTCTCGAGCACGAAGAACCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




CGGTCACGCTACAGMT 


5628 



> 
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Example 9 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plants, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 
tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on com, 
barley, wheat, rice, maize, millet sorghum, and the like, must be supplemented with more expensive 
synthetic amino acids or amino-acid-containing oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 

Naturally occurring mutants of plants that have different levels of particular essential amino 
acids have been identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutelins). While nutritionally superior, these mutants are 
associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a normally 
abundant protein can be engineered to contain more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Tabie 19 

Genome-Altering Ofigos Conferring Amino Acid Overoroduction 









§!■ 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Arg77His 

CGT-CAT 


TATCCTCCAGGATCTTAAGATTTCCTCCTAATTTCGTCCGTCAGCT 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGTTGCACA 
GATCGTGGCGGCTAAGTGGTCCAACAACCC 


5629 


GGGTTGrrrGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 
GTTGCTACAGTTTCTATGGGCTTTAATGCTCAGCTGACGGACGAA 
ATTAGGAGGAAATCTTAAGATCCTGGAGGATA 


5630 


TAAAftPPPATAftAAAPT 


5631 


AGTTTCTATGGGCTTTA 


5632 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Ser81Asn 

AGC-AAC 


TCTTAAGAtTtCCtCCTAATTTCGTCCGTCAGCtGAGCATTAAAGC 
CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 
CTAAGTGGTCCAACAACCCATCCTCCGCGTT 


5633 


AArRrr5ftAftftATfififiTTRTTf5GACCACTTAGCCGCCACGATCTG 

rv^wwwvwivwn 1 www 1 1 w I 1 ww#\ww#»w 1 1 rAwww WW wnwwn i w i w 

TGCAACACCGATGTTGTrACAGTTTCTACGGGCTTTAATGCTCAGC 
TGACGGACGAAATTAGGAGGAAATCTTAAGA 


5634 


AAA nrnTA apaa^ atpo 
AAAO 1 o I AAOAALrA 1 Ob 


5635 


CGATGTTGITACAG 1 1 1 


5636 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Gly84Ser 

GGT-AGT 

• 


TTrCCtCCTAAtTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAA 
ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 
CCAACAACCCATCCTCCGCGTTACCTTCGG 


5637 


rr^AAfiCTAArr^nfiAfittATCnfiTTfiTTrMAnCACTTAGCCGCC 

wwwMr\ww 1 MAwOwOOAvJUn 1 www 1 1 w t 1 wunwvAu I I auwuvjuu 

ACGATCTGTGCAACACTGATGTTGCTACAGTTTCTACGGGCTTTAA 
TGCTCAGCTGACGGACGAAATTAGGAGGAAA 


5638 


GCMCATCAGTGTTGCA 


5639 


TGCAACACIGATGTTGC 


5640 


Met Overproduction 
CGS 

Arabidopsis thaliana 

Gly84Asp 

GGT-GAT 


TtCCTCCtAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAAA 
CTGTAGCAACATCGATGTTGCACAGATCGTGGCGGCTAAGTGGTC 
CAACAACCCATCCTCCGCGTTACCTTCGGC 


5641 


gccgaaggtaacgcggaggatgggttgttggaccacttagccgc 

CACGATCTGTGCMCATCGATGTTGCTACAGTTTCTACGGGCTTTA 
ATGCTCAGCTGACGGACGAAATTAGGAGGAA 


5642 


CAACATCGATGTTGCAC 


5643 


GTGCAACATCGATGTTG 


5644 
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mmmm 



Met Overproduction 
CGS 

Fragraria vesca 

Arg73His 

CGC-CAC 



TATCCTCACTCATCCTCCGCTTCCCTCCCAACtTCGTCC6CCAGC 
TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 



5645 



TCTTTGTTGGACCACGAAGCCGCGACGATCTGCGCGACGCCGAT 

GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 

AGTTGGGAGGGAAGCGGAGGATGAGTGACGATA 



5646 



CAAGGCCCACCGCAACT 



5647 



AGTTGCGGTGGGCCTTG 



5648 



Met Overproduction 
CGS 

Fragraria vesca 

Ser77Asn 

AGC-AAC 



Met Overproduction 
CGS 

Fragraria vesca 
Gly80Ser 
GGC-AGC 



TCCTCCGCTTCCCTCCCAAC7TCGTCCGCCAGCTCAGCACCAAG 

GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 

GGCTTCGTGGTCCAACAAAGACTCCGACCTTTC 



GAAAGGTCGGAGTCTTTG7TGGACCACGAAGCCGCGACGATCTG 

CGCGACGCCGATGTTGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 

GCTGGCGGACGAAGTTGGGAGGGAAGCGGAGGA 



CAACTGCAACAACATCG 



CGATGTTGTTGCAGTTG 

TTCCCTCCCMCnCGTCCGTJCAGCTCAGCACCAAGGCCCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCTTCGT 
GGTCCAACAAAGACTCCGACCTTTCGGCGGTGC 



GCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCG 
ACGATCTGCGCGACGCIGATGTTGCTGCAGTTGCGGCGGGCCTT 
GGTGCTGAGCTGGCGGACGAAGTTGGGAGGGAA 



GCAACATCAGCGTCGCG 



CGCGACGCTGATGTTGC 



5649 



5650 



5651 



5654 



5655 



5656 



Met Overproduction 
CGS 

Fragraria vesca 

Gly&OAsp 

GGC-GAC 



Met Overproduction 
CGS 

Glycine max 

Arg68His 

CGC-CAC 



tccctcccaacttcgtccgccaGCTCAGCaccaaGgccCgcCGC 
aactgcagcaacatcgacgtcgcgcagatcgtcgcggcttcgtg 
gtccaacaaagactccgacctttcggcggtgcc 



GGCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGC 
GACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGGGCCT 
TGGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA 



CAACATCGACGTCGCGC 



GCGCGACGTCGATGTTG 



5657 



5658 



5659 



5660 



TCTCCTCCCTCATCCTCCGCnCCCTCCCAACTTCCAGCGCCAGC 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 
CAAATCGTCGCCGCTTCGTGGTCGAACAACAG 



CTGTTGTTCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 
GTTGCTGCAGTTGCGGCICGCCTTGGTGCTTAGCTGGCGCTGGA 
AGTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 



CCAAGGCGAGCCGCAAC 



5662 



5663 
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GTT6CGGCTCGCCTTGG 



5664 



Met Overproduction 
CGS 

Glycine max 

Ser72Asn 

AGC-AAC 



TCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAG 

GCGCGCCGCAACTGCAACAACATCGGCGTCGCGCAAATCGTCGC 

CGCTTCGTGGTCGAACAACAGCGACAACTCTCC 



5555 



GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 
CGCGACGCCGATGTTGTrGCAGTTGCGGCGCGCCTTGGTGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 



5666 



CAACTGCAACAACATCG 



5667 



CGATGTTGTTGCAGTTG 



5668 



10 



Met Overproduction 
CGS 

Glycine max 

Gly75Ser 

GGC-AGC 



TTCCCTCCCAACttCCAGCGCCAGCTAAGCACCAAGGCGCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAAATCGTCGCCGCTTCGT 
GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 



5669 



CGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGCIGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGC7TAGCTGGCGCTGGAAGTTGGGAGGGAA 



5670 



GCAACATCAGCGTCGCG 



5671 



CGCGACGCTGATGTTGC 



5672 



tCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAAATCGTCGCCGCTTCGTG 
GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 



15 



Met Overproduction 
CGS 

Glycine max 

Gly75Asp 

GGC-GAC 



5673 



CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGICGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 



5674 



CAACATCGACGTCGCGC 



5675 



GCGCGACGTCGATGTTG 



5676 



20 



Met Overproduction 
CGS 

Solatium tuberosum 

ArgJOHis 

AGG-CAC 



TGTCTTCTCTGAI 1 1 1 CAGG 1 1 ICClCUAAl I I'CUIUAGGCAGCI 

AAGCATTAAGGCTCACAGGAATTGCAGCAATATTGGCGTGGCTCA 

AGTTGTGGCGGCTTCCTGGTCTAACAACCA 



TGGTTGTTAGACCAGGAAGCCGCCACAACTTGAGCCACGCCAATA 
TTGCTGCAATTCCTGTGAGCCTTAATGCTTAGCTGCCTCACGAAAT 

TAGGAGGAAACCTGAAAATCAGAGAAGACA 



TAAGGCTCACAGGAATT 



AATTCCTGTGAGCCTTA 



5677 



5678 



5679 



5680 



25 



Met Overproduction 
CGS 

Solanum tuberosum 

Ser74Asn 

AGC-AAC 



TTTTC AGGTTt CC I CC I AA 1 1 rCGTGAGGCAGCTAAGCATTAAGGC 

TAGGAGGAATTGCAACAATATTGGCGTGGCTCAAGTTGTGGCGG 

CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 



568T 



TCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCCACAACTTG 
AGCCACGCCAATATTGTTGCAATTCCTCCTAGCCTTAATGCTTAGC 
TGCCTCACGAAATTAGGAGGAAACCTGAAAA 



5682 
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GAATTGCAACAATATTG 



CAATATTGTTGCAATTC 



5683 



5684 



Met Overproduction 
CGS 

Solatium tuberosum 

Gly77Ser 

GGC-AGC 



TTTCCTCCTAATrTCGTGAGGCAGCtAAGCATrAAGGCtAGGAGG 
AATTGCAGCAATATTAGCGTGGCTCAAGTTGTGGCGGCTTCCTGG 
TCTAACAACCAAGCCGGTCCTGAATTCACTC 



GAGTGAATTCAGGACCGGCTTGG7TGTTAGACCAGGAAGCCGCC 

ACMCTTGAGCCACGQIAATATTGCTGCAATTCCTCCTAGCCTTAA 

TGCTTAGCTGCCTCACGAAATTAGGAGGAAA 



GCAATATTAGCGTGGCT 



AGCCACGCTAATATTGC 



5585 



5686 



5687 



5688 



10 



Met Overproduction 
CGS 

Solanum tuberosum 

Gly77Asp 

GGC-GAC 



ttcctcctaatttcgtgaggcagctaagcattaaGgctAggaGGa 
attgcagcaatattgacgtggctcaagttgtggcggcttcctggt 
ctaacaaccaagccggtcctgaattcactcc 



GGAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGC 

CACAACTTGAGCCACGTCAATATTGCTGCAATTCCTCCTAGCCTTA 

ATGCTTAGCTGCCTCACGAAATTAGGAGGAA 



CAATATTGACGTGGCTC 



GAGCCACGTCAATATTG 



56W 



5690 



5691 



5692 



15 



20 



Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Arg73His 
CGC-CAC 



cncCTCTCTTAtCCTtCGCrrrCCTCCCAACTTTGtCCGTCAGCT 

CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 
AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 



GAGTTGTTGGACCAGGAGGCAGCGACGACCTGTGCGACACCAAT 
GTTGCTGCAGTTGIGGCGAGCCTTGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAAAGCGAAGGATAAGAGAGGAAG 



GGCTCGCCACAACTGCA 



et Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Ser77Asn 
AGC-AAC 



TGCAGTTGIGGCGAGCC 

I CGI ICGGI I ICCICCCAACI 1 1 GTCCGTCAGCTCAGCACCAA( 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 
GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 



GCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTGTTGCAGTTGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGTTGGGAGGAAAGCGAAGGA 



CAACTGCAACAACATTG 



CAATGTTGTTGCAGTTG 



5693 



5694 



5695 



5696 
5697 



5698 



5699 



5700 
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MAM 



Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Gty80Ser 
GGT-AGT 



1 1 iCCICCCAACTnGTCCGTCAGCTCAGCACCMGGCTCGCCGC 

AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 

GTCCAACAACTCCGATGCCGGCGCCACCTCTT 



5701 



AAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 
GACGACCTGTGCGACACTAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGTTGGGAGGAAA 



5702 



GCAACATTAGTGTCGCA 



5703 



TGCGACACTAATGTTGC 



5704 



Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Gly80Asp 
GGT-GAT 



TTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGCA 

ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 

TCCAACAACTCCGATGCCGGCGCCACCTCTTG 



5705 



CAAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAG 
CGACGACCTGTGCGACATCAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGCTGAGCTGACGGACAAAGTTGGGAGGAA 



5706 



CAACATTGATGTCGCAC 



5707 



GTGCGACATCAATGTTG 



5708 



Met Overproduction 
CGS 

lea mays 
Arg41His 
CGC-CAC 



CCTCTGCTACCATCCTCCGCTTTCCGCCAAACTTTGTCCGCCAGC 
TTAGCACCAAGGCACACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCCGCCGCGTGGTCCGACTGCCC 



5709 



GGGCAGTCGGACCACGCGGCGGCGACGATCTGCGCGACGCCGA 

TGTTGCTGCAGTTGCGGTGTGCCTTGGTGCTAAGCTGGCGGACA 

AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 



5710 



CAAGGCACACCGCAACT 



5711 



AGTTGCGGTGTGCCTTG 



5712 



ICCICCGCI I I CCGCCAAACI 1 1 GTCCGCCAGCTTAGCACCAAGG 
CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 
GCCGCGTGGTCCGACTGCCCCGCCGCTCGCCC 



57T3" 



Met Overproduction 
CGS 

lea mays 
Ser45Asn 
AGC-AAC 



GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 
TGCGCGACGCCGATGTTGTTGCAGTTGCGGCGTGCCTTGGTGCT 
AAGCTGGCGGACAAAGTTTGGCGGAAAGCGGAGGA 



5714 



CAACTGCAACAACATCG 



5715 



CGATGTTGTTGCAGTTG 



5716 



Met Overproduction 
CGS 

lea mays 
Gly48Ser 
GGC-AGC 



1 1 iCcGCcAAACIttGICCgCcagcttagcaccaaggcacgccgc 
aactgcagcaacatcagcgtcgcgcagatcgtcgccgccgcgtg 
gtccgactgccccgccgctcgcccccacttag 



CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG. 
CGACGATCTGCGCGACGCIGATGTTGCTGCAGTTGCGGCGTGCC 
TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 



GCAACATCAGCGTCGCG 



5717 



5718 



5719 
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10 



15 



20 



25 




Met Overproduction 
CGS 

lea mays 
Gly48Asp 
GGC-GAC 



CGCGACGCTGATGTTGC 



TTCCGCCAAACTTTGTCCGCCAGCTtAGCACCAAGGCACGCCGC 

AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCCGCCGCGTG 

GTCCGACTGCCCCGCCGCTCGCCCCCACTTAGG 



CCTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCG 

GCGACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGTGC 

CTTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAA 



CAACATCGACGTCGCGC 



GCGCGACGTCGATGTTG 



Met Overproduction 
TS 

Arabidopsis thaliana 

Leu205Arg 

CTT-CGT 



GTATGAATGATCTGTGGGTGAAACACTGtGGGAtTAGTCATACAG 
GMGTTTCAAGGATCGTGGAATGACTGTTTTGGTT AGTCAAGTTAA 
TCGTCTGAGAAAGATGAAACGACCTGTGGT 



ACCACAGGTCGTTTCATCTTTCTCAGACGATTAACTTGACTAACCA 
AAACAGTCATTCCACGATCCTTGAAACTTCCTGTATGACTAATCCC 
ACAGTGTTTCACCCACAGATCATTCATAC 



CAAGGATCGTGGAATGA 



TCATTCCACGATCCTTG 



Met Overproduction 
TS 

Solanum tuberosum 

Leu198Arg 

CTT-CGT 



GCATGACTGATTTGTGGGTCAAACACTGTGGGATTAGCCaTACTG 

gtagttnaaggatcfitgggatgactgttttggtgagtcaagttaa 
tcgcttgcggaaaatgcataaaccggttgt 



ACMCCGGTTTATGCATTTTCCGCMGCGATTAACTTGACTCACCA 

AAACAGTCATCCCA£GATCCTTAAAACTACCAGTATGGCTAATCCC 
ACAGTGTTTGACCCACAAATCAGTCATGC 



TAAGGATCGTGGGATGA 



TCATCCCACGATCCTTA 



Lys Overproduction 

DHPS 

lea mays 

Seii57Asn 

AGC-AAC 



TCATTGGGCACACAGTGAACTGCTTTGGCTCTAGAATCAAAGTGA 
TAGGCAACACAGGAAACAACTCAACCAGAGAAGCCGTCCACGCA 
ACAGAACAGGGATTTGCTGTTGGCATGCATGC 



GCATGCATGCCAACAGCAAATCCCTGTTCTGTTGCGTGGACGGCT 

TCTCTGGTTGAGTTGTTTCCTGTGTTGCCTATCACTTTGATTCTAG 

AGCCAAAGCAGTTCACTGTGTGCCCAATGA 



CACAGGAAACAACTCAA 



TTGAGTTGTTTCCTGTG 



Lys Overproduction 

DHPS 

lea mays 

Ala166Val 

GCA-GAA 



GUTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACCA 

GAGAAGCCGTCCACGAAACAGAACAGGGATTTGCTGTTGGCATG 
CATGCGGCTCTCCACATCAATCCTTACTACGG 



CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 

AMTCCCTGTTCTGTTICGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CCTGTGTTGCCTATCACTTTGATTCTAGAGC 



5720 



572T 



5722 



5723 



5724 



5725 



5726 



5727 



5728 



5759" 



5730 



5731 



5732 



573T 



5734 



5735 



5736 



5737 



5738 
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CGTCCACGAAACAGAAC 



5739 



GTTCTGTTTCGTGGACG 



5740 



Lys Overproduction 

DHPS 

Zeamays 

Ala166Thr 

GCA-ACA 



GGCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCMCTCMCC 

AGAGAAGCCGTCCACACAACAGAACAGGGATTTGCTGTTGGCAT 

GCATGCGGCTCTCCACATCAATCCTTACTACG 



5741 



CGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGCM 

ATCCCTGTTCTGTTGTGTGGACGGCTTCTCTGGTTGAGTTGCTTC 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 



5742 



CCGTCCACACAACAGAA 



5743 



TTCTGTTGTGTGGACGG 



5744 



Lys Overproduction 

DHPS 

Oryza sativa 

Ser124Asn 

AGT-MT 



TTATTGGGCATACAGTTAACTGCTTTGGCACTAAAATTAAAGTGGT 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 

TGAGCAGGGATTCGCTGTAGGTATGCACGC 



5745 



GCGTGCATACCTACAGCGAATCCCTGCTCAGTTGCGTGMTAGCC 
TCCCnGTTGAGTTAirrCCTGTGTTGCCGACCACTTTAATTTTAGT 

GCCAAAGCAGTTAACTGTATGCCCAATAA 



5746 



CACAGGAAATAACTCAA 



5747 



TTGAGTTATTTCCTGTG 



5748 



Lys Overproduction 

DHPS 

Oryza sativa 

Ala133Val 

GCA-GTA 



GCACTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACAA 
GGGAGGCTATTCACGTAACTGAGCAGGGATTCGCTGTAGGTATG 
CACGCGGCTCTCCACATCAATCCTTACTACGG 



CCGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGC 

GAATCCCTGCTCAGTTACGTGAATAGCCTCCCTTGTTGAGTTACTT 

CCTGTGTTGCCGACCACnTAATTTTAGTGC 



TATTCACGTAACTGAGC 



GCTCAGTTACGTGAATA 



574? 



5750 



5751 



5752 



Lys Overproduction 

DHPS 

Oryza saliva 

Ala133Thr 

GCA-ACA 



GGCACTAAAATTAAAGTGGTCGGCAACACAGGMGTAACTCAACA 
AGGGAGGCTATTCACACAACTGAGCAGGGATTCGCTGTAGGTAT 
GCACGCGGCTCTCCACATCAATCCTTACTACG 



5753 



CGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGCG 
AATCCCT GCTCAGTTGTGTGAATAGCCTCCCTTGTTGAGTTACTTC 
CTGTGTTGCCGACCACTTTAATTTTAGTGCC 



5754 



CTATTCACACAACTGAG 



5755 



CTCAGTTGTGTGAATAG 



5756 



Lys Overproduction 
DHPS1 

Tritinm atxthnm 



TCATCGGGCATACTGTTMCTGC 1 1 1 GGAGCCAACATTAAAGTGAT 

AGGCMCACGGGAAATAACTCMCCAGAGAAGCTGTTCACGCGA 

CAGAGCAGGGATTrGCTGTTGGCATGCATGC 



5757 



Ser165Asn 
AGT-AAT 
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GCATGCATGCCAACAGCAAATCCCTGCTCTGTCGCGTGAACAGCT 

TCTCTGGTTGAGTTATTTCCCGTGTTGCCTATCAC7TTAATGTTGG 

CTCCAAAGCAGTTAACAGTATGCCCGATGA 



5758 



CACGGGAAATAACTCAA 



5759 



TTGAGTTATTTCCCGTG 



5760 



Lys Overproduction 
DHPS1 

Triticum aestivum 

Ala174VaI 

GCG-GTG 



gagccaacattaaagtgataggCaaCaCGggaagtaaCtCaacca 
gagaagctgttcacgigacagagcagggatttgctgttggcatg 
catgcagctcttcatgtcaatccttactacgg 



576T 



CCGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTT ACTT 
CCCGTGTTGCCTATCACTTTAATGTTGGCTC 



5762 



TGTT C ACGTGAC AGAGC 



5763 



GCTCTGTCACGTGAACA 



5764 



ggagccmcattaaagtgataggcaacacgggaagtaaCtCmcc 

agagmgctgttcacacgacagagcagggatttgctgttggcat 

gcatgcagctcttcatgtcaatccttactacg 



10 



Lys Overproduction 
DHPS1 

Triticum aestivum 

Ala174Thr 

GCG-ACG 



Lys Overproduction 
DHPS2 

Triticum aestivum 

Ser154Asn 

AGT-AAT 



576T 



CGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCAA 

ATCCCTGCTCTGTCGIGTGAACAGCTTCTCTGGTTGAGTTACTTC 

CCGTGTTGCCTATCACTTTAATGTTGGCTCC 



5766 



CTGTTCACACGACAGAG 



5767 



CTCTGTCGTGTGAACAG 



5768 



15 



20 



Lys Overproduction 
DHPS2 

Triticum aestivum 
Ala163Val 
GCT-GTT 



TCATCGGGCACACTGTTMCTGCtTTGGAACTAACATrAAAGTGAT 
AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 
AGAGCAGGGATTTGCTGTTGGCATGCATGC 



GCATGCATGCCAACAGCAAATCCCTGCTCTGAAGCGTGAATCGCT 
TCTCTAGTTGAGTTATrrCCCGTGTTGCCTATCACTTTAATGTTAGT 
TCCAAAGCAGTTMCAGTGTGCCCGATGA 



CACGGGAAATAACTCAA 



TTGAGTTATTTCCCGTG 

GAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACTA 

GAGMGCGAnCACGTTTCAGAGCAGGGATTTGCTGTTGGCATGC 

ATGCAGCTCTCCATGTCMTCCTTACTATGG 



57W 



5770 



5771 



CCATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGAAACGTGAATCGCTTCTCTAGTTGAGTTACTTC 
CCGTGTTGCCTATCACTTTAATGTTAGTTC 



GATTCACGTTTCAGAGC 



GCTCTGAAACGTGAATC 



5774 



5775 



5776 
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Lys Overproduction 
DHPS2 

Triticum aestivum 
Ala163Thr 
GCT-ACT 



GGAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACT 
AGAGMGCGATTCACACTTCAGAGCAGGGATTTGCTGTTGGCATG 
CATGCAGCTCTCCATGTCAATCCTTACTATG 



5777 



CATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCM 
ATCCCTGCTCTGAAGIGTGAATCGCTTCTCTAGTTGAGTTACTTCC 
CGTGTTGCCTATCACTTTAATGTTAGTTCC 



5778 



CGATTCACACTTCAGAG 



5779 



CTCTGAAGTGTGAATCG 



5780 



10 



Lys Overproduction 
DHPS 

Coix lacrymaiobi 

Ser154Asn 

AGT-AAT 



CTCATTGGGCATACTGTGAACTGCTTTGGCTCTAGAATTAAAGTGA 
TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 
CAGAGCAGGGATTTGCTGTTGGCATGCATG 



5781 



CATGCATGCCAACAGCAAATCCCTGCTCTGTTGCGTGAACAGCTT 
CTCTGGTTGAGTTATTTCCTGTGTTGCCTATCACTTTAATTCTAGA 
GGCAAAGCAGTTCACAGTATGCCCAATGAG 



5782 



CACAGGAAATMCTCAA 



5783 



TTGAGTTATTTCCTGTG 



5784 



gctctagaattaaagtgataggcmcacaggaagtaaCtCaAcca 
gagaagctgttcacgiaacagagcagggatttgctgttggcatgc 
atgcagctctccacatcaatccttactatgg 



15 



Lys Overproduction 
DHPS 

Coix lacrymaiobi 

Ala163Vai 

GCA-GTA 



5785 



CCATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTTACGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CTGTGTTGCCTATCACTTTAATTCTAGAGC 



5786 



TGTTCACGTAACAGAGC 



5787 



GCTCTGTTACGTGAACA 



5788 



20 



Lys Overproduction 
DHPS 

Coix lacrymaiobi 

Ala163Thr 

GCA-ACA 



GGCTCTAGAATTAAAGTGATAGGCMCACAGGAAGTAACTCAACC 

AGAGAAGCTGTTCACACAACAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTCCACATCAATCCTTACTATG 



5789 



CATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGTTGTGTGAACAGCTTCTCTGGTTGAGTTACTTCC 
TGTGTTGCCTATCACTTTAATTCTAGAGCC 



5790 



CTGTTCACACAACAGAG 



5791 



CTCTGTTGTGTGAACAG 



5792 



25 



Lys Overproduction 
DHPS 

Nicotiana tabacum 

Ser136Asn 

AGC-AAC 



TcAtTGGTCACAcAG I CAA I IGI 1 1 1 GGAGGG I CCATCAAAGtCAT 

CGGGAACACTGGAAACAACTCCACAAGGGAAGCAATCCATGCAA 
CTGAACAGGGATTTGCTGTAGGTATGCATGC 



"579T 



GCATGCATACCTACAGCAAATCCCTGTTCAGTTGCATGGATTGCTT 

CCCTTGTGGAGTTGITTCCAGTG'TTCCCGATGACTTTGATGGACC 

CTCCAAAACAATTGACTGTGTGACCAATGA 



5794 



CACTGGAAACAACTCCA 



5795 
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TGGAGTTGITTCCAGTG 



5796 



XysOverproduction 
DHPS 

Nicotians tabacum 

Ala145Val 

GCA-GTA 



GAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCACAA 

GGGAAGCAATCCATGTMCTGAACAGGGATrTGCTGTAGGTATGC 
ATGCAGCTCTTCACATTAATCCCTACTATGG 



CCATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCA 
AATCCCTGTTCAGTTACATGGATTGCTTCCCTTGTGGAGTTGCTTC 
CAGTGTTCCCGATGACTTTGATGGACCCTC 



AATCCATGTAACTGAAC 



GTrCAGTT&CATGGATT 



5797 



5798 



5799 



5800 



Lys Overproduction 
DHPS 

Nicotians tabacum 

Ala145Thr 

GCA-ACA 



GGAGGGTCCATCAMGTCATCGGGAACACTGGAAGCAACTCCAC 
AAGGGAAGCAATCCATACAACTGAACAGGGATTTGCTGTAGGTAT 
GCATGCAGCTCTTCACATTAATCCCTACTATG 



CATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCAA 

ATCCCTGTTCAGTrGIATGGATTGCTTCCCTTGTGGAGTTGCTTCC 

AGTGTTCCCGATGACTTTGATGGACCCTCC 



CAATCCATACAACTGAA 



TTCAGTTGTATGGATTG 



Lys Overproduction 
DHPS 

Arabidopsis thaliana 

Ser142Asn 

AGC-AAC 



.ys Overproduction 
DHPS 

Arabidopsis thaliana 

Ala151Val 

GCG-GTG 



TTATAGGCCATACCGTTAACTG 1 1 1 1 GGCGGAAGCATCAAAGTCAt 

TGGAAACACTGGAAACAATTCGACTAGAGAAGCAATCCACGCGAC 
TGAACAAGGATTCGCGGTTGGAATGCATGC 



GCATGCATTCCAACCGCGAATCCTTGTTCAGTCGCGTGGATTGCT 
TCTCT AGTCGMTTGirrCCAGTGTTTCCAATGACTTTGATGCTTC 
CGCCAAAACAGTT AACGGTATGGCCTATAA 



CACTGGAAACAATTCGA 



TCG AATTGITTCCAGTG 

GMGCATCAAAGTCAnGGAAACACTGGAAGCAATTCGACTA 
GAGAAGCAATCCACGIGACTGAACAAGGATTCGCGGTTGGAATGC 
ATGCTGCTCTTCATATAAACCCTTACTATGG 



CCATAGTAAGGGTTTATATGAAGAGCAGCATGCATTCCAACCGCG 
AATCCTTGTTCAGTCACGTGGATTGCTTCTCTAGTCGAATTGCTTC 
CAGTGTTTCCAATGACTTTGATGCTTCCGC 



AATCCACGIGACTGAAC 



GTTCAGTCACGTGGATT 



5801 



5802 



5803 



5804 



5805 



5806 



5807 



5808 
5809 



5810 



5811 



5812 



Lys Overproduction 
DHPS 

Arabidopsis thaliana 

Ala151Thr 

GCG-ACG 



ggcggaagcatcaaagtcattggaaaCaCtggaagcaaTtcgact 
agagaagcaatccacacgactgaacmggattcgcggttggaatg 
catgctgctcttcatataaacccttactatg 



CATAGTAAGGGTTTATATGMGAGCAGCATGCATTCCMCCGCGA 
ATCCTTGTTCAGTCGTGTGGATTGCTTCTCTAGTCGAATTGCTTCC 
AGTGTTTCCAATGACTTTGATGCTTCCGCC 



58T3 



5814 
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CAATCCACACGACTGM 



TTCAGTCGTGTGGATTG 



5815 



5816 



Lys Overproduction 
DHPS 
Glycine max 
Ser103Asn 
AGC-AAC 



TTATTGCTCATACAGTCAACTG 1 1 1 1 GG I GGGAAAATTAAGGTTATT 
GGAAATACTGGAAACAACTCCACCAGGGAAGCAATTCATGCCACT 
GAGCAGGGTTTTGCTGTTGGAATGCATGC 



GCATGCATTCCAACAGCAAAACCCTGCTCAGTGGCATGAATTGCT 
TCCCTGGTGGAGnGirrCCAGTATTTCCAATAACCTTAATTTTCC 
CACCAAAACAGTTGACTGTATGAGCAATAA 



TACTGGAAACAACTCCA 



TGGAGTTGTTTCCAGTA 



5817 



5818 



5819 



5820 



Lys Overproduction 
DHPS 
Glycine max 
Ala112Val 
GCC-GTC 



GTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACCA 
GGGMGCMTTCATGTCACTGAGCAGGGTTTTGCTGTTGGAATGC 
ATGCTGCCCTTCACATAAACCCTTACTATGG 



CCATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCA 
AAACCCTGCTCAGTGACATGAATTGCTTCCCTGGTGGAGTTGCTT 

CCAGTATTTCCAATAACCTTAATnTCCCAC 



AATTCATGTCACTGAGC 



GCTCAGTGACATGAATT 



5821 



5822 



5823 



5824 



Lys Overproduction 
DHPS 
Glycine max 
Ala112Thr 
GCC-ACC 



GGTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACC 
AGGGAAGCAATTCATACCACTGAGCAGGGTTTTGCTGTTGGAATG 

CATGCTGCCCTTCACATAAACCCTTACTATG 



CATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCAA 
AACCCTGCTCAGTGGIATGAATTGCTTCCCTGGTGGAGTTGCTTC 

CAGTATTTCCAATAACCTTAATTTTCCCACC 



CAATTCATACCACTGAG 



CTCAGTGGTATGAATTG 



5B2T 



5826 



5827 



5828 



Trp Overproduction 
AS 

Arabidopsis maliana 

Asp341Asn 

GAC-AAC 



CTTGCAGGAGACATATTTCAGATCGTGCTGAG'ICAACGI 1 1 IGAG 
CGGCGMCATTTGCAAACCCCTTTGAAGTTTATAGAGCACTAAGA 
GTTGTGAATCCAAGT CCGTATATGGGTTATT 



AATAACCCATATACGGACTTGGATTCACAACTCTTAGTGCTCTATA 
AACTTCAAAGGGGTTTGCAAATGTTCGCCGCTCAAAACGTTGACT 

CAGCACGATCTGAAATATGTCTCCTGCAAG 



CAT7TGCAAACCCCTTT 



AAAGGGGTTTGCAAATG 



5830 



5831 



5832 



Trp Overproduction 
AS 

Nicotiana tabacum , 



GCTGCAGGAGACATATTTCAAA I (JG 1 1 1 IAAGTCAACGCI 1 1 GAGA 
GAAGAACATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
TGTGAATCCAAGCCCATATATGACTTACA 



Asp326Asn 
GAC-AAC 



583T 
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Hi 

■i 




TGTAAGTCATATATGGGCTTGGATTCACAATTCTTAATGCTCTGTA 
CACTTCAAATGGGTTAGCAAATGTTCTTCTCTCAAAGCGTTGACTT 
AAAACGATTTGAAATATGTCTCCTGCAGC 


5834 


CATTTGCTAACCCATTT 


5835 


A A ATfintl 1 TA OP A A ATP 
AAA 1 bbb 1 JAbUAAA 1 b 


5836 


Trp Overproduction 

AS 

0/yza satf va 

Asp323Asn 

GAC-AAC 


U 1 Abb 1 bb 1 uAOAl 1 T 1 1 oAAbTAbTOTTAAGCCAGCG 1 1 1 IGAGA 

^(^PfiTArATTTr^rTAAr^PPrTTT^AriCT^TAPPCT^PATTrSP^TA 

OUUU I rVUM 1 1 1 OVs 1 HMOOwv 1 1 1 OAvJVJ I 0 1 AwvU 1 OL/A 1 1 Ovl3 1 A 

TTGTCAATCCTAGTCCTTATATGGCCTATC 


5837 


GATAGGCCATATAAGGACTAGGA7TGACAATACGCAATGCACGGT 
ACACCTCAAAGGGGTTAGCAAATGTACGCCTCTCAAAACGCTGGC 

TTAAGACTACTTGAAAAATGTCACCAGCTAG 


5838 


CATTTGCTAACCCCTTT 


5839 


A A A^O/ * 1 TAP^A A ATP 

AAAbbbb 1 TAbOAAA I b 


fro j a i 

5840 


Trp Overproduction 

AC 
r\0 

Ruta graveolens 

Asp354Asn 

GAC-AAC 


ATT^ATPAT/^ A A AT A TTAA A A A TPO/^ 1 A AT A A AT*r% a » 1 i i i A AAA 

CTTGCTGGTGACATATTCCAGATCGTACTMGTCAGCGTm 

PPp^AAPfyTTPf^PAAAPPPATTTPAAATPTATAPATPAPTPAPPA 
VjoUoAAUo 1 1 wbUAAAwOUA 1 1 1 uAAA 1 b I A 1 AbA 1 bAL 1 UAbuA 

TTGTTAATCCAAGCCCATATATGACTTATT 


5841 


AATAAGTCATATATGGGCTTGGATTAACAATCCTCAGTGATCTATA 
GATTTCAAATGGGTTTGGGMCGTTCGCCTTTnAAAAO^TfiAnTT 

vn lit v/Wi 1 www III wwunnvw I 1 V/www III wnnnnwvJO 1 vHU 1 1 

AGTACGATCTGGAATATGTCACCAGCAAG 


5842 


CG7TCGCAAACCCATTT 


5843 


AAA 1 bGG 1 i 1 GCGAACG 


5844 


i rp overproduction 
AS 

Catharanthus roseus 

Asp354Asn 

GAT-AAT 


CTGGCTGGGGACATATTCCAGCm 

CGGCGMCATTTGCAAATCCATTTGAAGTCTACCGAGCATTGAGA 
ATrGTCAACCCAAGTCCATATATGACTTAn 


5845 


AATAAGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 
GACTTCAAATGGATTTGCAAATGTTCGCCGTTCAAAACGCTGACTT 
AGGACAAGCTGGAATATGTCCCCAGCCAG 


5846 

* 


CATTTGCAAATCCATTT 


5847 




AAATGGATTTGCAAATG 


5848 
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Example 10 
Production of modified starch in plants 

A principal aim of biotechnology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in feet, a highly complex mixture of various types of molecules 
which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amylose-starch is a basically non-branched polymer made up of 
a-1,4-g)ycosidically branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1 ,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 
amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxy, sugary, 
shrunken and opaque-2. In addition to producing a modified starch, these mutations greatly improve grain 
quality in maize, and thus expand the use of maize not only as the food but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 
using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table20 

Genome-Altering Ofiaos Conferring Increased Starch 





•MMlMI 



10 



15 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Ala99Lys 

GCA-AAA 



GAACTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCTTCCATT 
ATTCTTGGAGGTGGAAAAGGAACTCGACTCTTTCCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 



5849 



CCCCGATAGGAACGGCAGGCTTGGCGCGGCGTnTGTGAGAGGA 

AAGAGTCGAGTTCCTTTTCCACCTCCAAGAATAATGGAAGCAACT 

GTCCTTGGATCCCTTTTCTCAGTCTCAAGTTC 



5850 



GAGGTGGAAAAGGAACT 



5851 



AGTTCCTTTTCCACCTC 



5852 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Pro127Leu 

CCA-CTA 



CAAAACGCCGCGCCAAGCCTGCCGTTCCtATCGGGGGAGCCTAt 
AGGTftSATAGATGTACIAATGAGCAATTGTATTAACAGCGGAATCA 
ACAAAGTCT ACATACTCACACAATATAACTC 



5853 



GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGTTAA 
TACAATTGCTCATTAGTACATCTATCAACCTATAGGCTCCCCCGAT 
AGGAACGGCAGGCTTGGCGCGGCGTTTTG 



5854 



AGATGTACTAATGAGCA 



5855 



TGCTCATTAGTACATCT 



5856 



20 



25 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly162Asn 

GGA-AAT 



TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACMCTCCMTAArCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 



GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 
TCTCCAAAGCCAAGAIIATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 



CTCCAATAATCTTGGCT 



AGCCAAGATTATTGGAG 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly162Asn 

GGA-AAC 



tcacacaatataactcagcatCaTTgaAcAGGCa 1 1 lAGCCCGlGC 

TTACAACTCCAATAACCTTGGCTTTGGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 



5857 



5858 



5859 



5860 



GATTCTCCTGGCGTTTGAGTGGCCGCMGAACCTCAACATAGCCA 
TCTCCAAAGCCMGGTIATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 



CTCCAATAACCTTGGCT 



AGCCAAGGTTATTGGAG 



586T 



5862 



5863 



5864 
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Increased Starch 
ADPGPP 

Arabidopsis thaliana 

AsnlOOLys 

AAT-AAA 



GTTTGAGAGAAGAAAGGTAGACCCGCAAAATGTGGCTGCAATCAT 
TCTAGGAGGAGGCAAAGGAGCTAAACTCTTCCCTCTTACAATGAG 
AGCCGCAACACCAGCTGTAAATATTCATCTT 



5865 



AAGATGAATATTTACAGCTGGTGTTGCGGCTCTCATTGTAAGAGG 
GMGAGTTTAGCTCCTTTGCCTCCTCCTAGAATGATTGCAGCCAC 
ATTTTGCGGGTCTACCTTTCTTCTCTCAAAC 



5866 



GGAGGCAAAGGAGCTAA 



5867 



TTAGCTCCTTTGCCTCC 



5868 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Pro128Leu 

CCG-CTG 



CTTGTGTCTTCAAATTATGTTAGGTTCCTGTTGGTGGATGCTACAG 
GCTGATCGATATCCIGATGAGTAACTGTATTMCAGCTGCATCAAC 
AAGATATTTGTGCTGACACAGTTCAACTC 



5869 



GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 

TACAGTTACTCATCAGGATATCGATCAGCCTGTAGCATCCACCAA 

CAGGAACCTAACATAATTTGAAGACACAAG 



5870 



CGATATCCTGATGAGTA 



5871 



TACTCATCAGGATATCG 



5872 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly163Asn 

GGC-AAT 



TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 
TTATTrTGGGAATAATATAAACTTTGGAGGT GGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 



5873 



GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAMGTTTATAnATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 



5874 



TGGGAATAATATAAACT 



5875 



AGTTTATATTATTCCCA 



5876 



Increased Starch 
ADPGPP 

Arabidopsis thaliana 

Gly163Asn 

GGC-AAC 



TGACACAGTTCAACTCAGCnCCCTtAAtCGACAl I IAGCaCGAAC 
TTATTTTGGGAATAACATAAACTTTGGAGGTGGTTTCGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 



5877 



GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAAAGTTTATGTTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 



5878 



TGGGAATAACATAAACT 



5879 



AGTTTATGTTATTCCCA 



5880 



increased Starch 

ADPGPP 

Lycopersicon 

esculentum 

Val94Lys 

GTT-AAA 



TTGAGGAACAACCAACGGCAGATCCAAAAGCTGTTGCCTCTGTCA 

TTCTAGGTGGTGGTAAAGGMCTCGTCITTTTCCTCTTACAAGCA 

GAAGAGCTAAACCAGCTGTTCCTATTGGTGG 



588T 



CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 
AAMGACGAGTTCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GCTTTTGGATCTGCCGTTGGTTGTTCCTCAA 



5882 



TGGTGGTAAAGGAACTC 



5883 
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f|||||§ 

111 


l|t|P§ll 
lllilllllllll 




IMP 




GAGTTCCTTTACCACCA 


5884 


Increased Starch 

ADPGPP 

Lycopersicon 

esculentum 

Pro122Leu 

CCA-CAA 


CAAGCAGAAGAGCTAAACCAGCTGTTCCTATTGGTGG7TGTTACC 
GGCTAATTGATGTACAAATGAGTAACTGCATTAACAGTGGCATAC 
GGAAAATTTTCATCTTAACACAGTTCAATTC 


5885 


GMTTGMCTGTGTTAAGATGAAAATTTTCCGTATGCCACTGTTAA 
TGCAGTTACTCATTTGTACATCAATTAGCCGGTAACAACCACCAAT 
AGGAACAGCTGGTTTAGCTCTTCTGCTTG 


5886 


TGATGTACAAATGAGTA 


5887 


lAuloAI ITOTAUAIt/A 


5888 


Increased Starch 
ADPGPP 

esculentum 
Gly158Asn 
GGA-AAT 


CACAGTTCAATTCCTTTTCCCTCAATCGTCACCTTGCCCGCACGTA 
TMTTTTGGAMTMTGTGGGTTTTGGAGATGGATTTGTGGAGGTT 
TTAGCTGCAACCCAGACTCCAGGGGATGC 


5889 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAAACCCACATTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5890 


TGGAAATAATGTGGGTT 


5891 


MCCCACATTATTTCCA 


5892 


Increased Starch 
ADPGPP 

esculentum 
Gly158Asn 
GGA-AAC 


CACAGTTCAATtCCTTTTCCCTCAATCGTCACCTTGCCCGCACGTA 
TMTTTTGGAAATAACGTGGGTTTTGGAGATGGATTTGTGGAGGTT 
TTAGCTGCAACCCAGACTCCAGGGGATGC 


5893 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAMCCCACGTTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5894 


TGGAAATAACGTGGGTT 


5895 


AACCCACGTTATTTCCA 


5896 


Increased Starch 
ADPGPP 
Cicer arietinum 
Ala101Lys 
GCT-AAA 


acGtagatttggaaaaaagagacccaagtacagttgtagcaattat 

actaggtggaggtaaaggaactcgtctcttccctctcaccaagc 

gacgagccaagcctgctgttccmttggagg 


5897 


CCTCCAATTGGAACAGCAGGCTTGGCTCGTCGCTTGGTGAGAGG 
GMGAGACGAGTTCCTTTACCTCCACCTAGTATAATTGCTACMCT 
GTACTTGGGTCTC 1 1 1 1 1 1 CCAAATCTACGT 


5898 


TGGAGGTAAAGGAACTC 


5899 


GAGTTCCTTTACCTCCA 


5900 
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Increased Starch 
ADPGPP 
C/cer arietinum 
Pro129Leu 
CCA-CTA 



CCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCTTATA 
GGCTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 
CAAAGTATACATTCTCACTCAATTTAATTC 



590T 



GAATTAAATTGAGTGAGAATGTATACTTTGTTGATCCCACTATTGAT 
GCAGTTACTCATTAGTACATCTATCAGCCTATAAGCACCTCCAATT 
GGAACAGCAGGCTTGGCTCGTCGCTTGG 



5902 



AGATGTACTAATGAGTA 



5903 



TACTCATTAGTACATCT 



5904 



Increased Starch 
ADPGPP 
Cicer arietinum 
Giy165Asn 
GGA-AAT 



CTCMmAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
TAACTCTGGTACTAATGTCACTTTTGGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 



5905 



TGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACATTAGTACCAGAGTTATAAGCACGTGCAATAT 

GCCTGTTGAGTGAGGCTGAATTAAATTGAG 



5906 



TGGTACTAATGTCACTT 



5907 



AAGT GAC ATTAGTACCA 



5908 



Increased Starch 
ADPGPP 
Cicer arietinum 
Gly165Asn 
GGA-AAC 



CTCAATTTMTTCAGCCTCACTCAACAGGCATAtTGCACGtGCTtA 
TMCTCTGGTACTAACGTCACTTTTGGAGATGGCTATGTTGAGGTT 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 



5909 



TGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAMGTGACGJTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 



5910 



TGGTACTAACGTCACTT 



5911 



AAGTGACGTTAGTACCA 



5912 



Increased Starch 
ADPGPP 
Ipomoea batatas 
AJa94Lys 
GCA-AAA 



atattggagaggcgtcgggcaaaccctaagaatgtggctgCaaTc 
atactgccaggcggtaaagggacacacctattccctctcaccaat 
cgagctgcaacccct gctgttccacttggag 



CTCCAAGTGGAACAGCAGGGGTTGCAGCTCGATTGGTGAGAGGG 
MTAGGTGTGTCCCTTTACCGCCTGGCAGTATGATTGCAGCCACA 
TTCTTAGGGTTTGCCCGACGCCTCTCCAATAT 



CAGGCGGTAAAGGGACA 



TGTCCCTTTACCGCCTG 



5914 



5915 



5916 



Increased Starch 
ADPGPP 
Ipomoea batatas 
Pro122Leu 
CCA-CTA 



CCMTCGAGCTGCAACCCCTGCTGTTCCACTTGGAGGATGCTATA 
GGTTGATCGACATTCTAATGAGCMCTGCATCAACAGCGGGGTTA 
ACAAGATCTTTGT GCTGACCCAGTTCAATTC 



GAATTGAACTGGGTCAGCACAAAGATCTTGTTAACCCCGCTGTTG 

ATGCAGTTGCTCATTAGAATGTCGATCMCCTATAGCATCCTCCAA 

GTGGAACAGCAGGGGTTGCAGCTCGATTGG 



CGACATTCT AATGAGCA 



5917 



5918 



5919 
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TGCTCATTAGAATGTCG 



5920 



increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAT 



TGACXJCAGTTCAATrCAGCnCTCTTAACCGTCACATTTCCCGTAC 
CGTCTTTGGCMTAATGTGAGCTTCGGAGATGGATTTGTTGAGGT 
GCTGGCTGCAACCCAAACACAAGGGGAAAC 



GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGAAGCTCACAITAtTGCCAAAGACGGTACGGGAAATGTGA 
CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 



TGGCAATAATGTGAGCT 



AGCTCACATTATTGCCA 



5921 



5922 



5923 



5924 



Increased Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAC 



rGACCCAGTTCMTTCAGCTTCTCTTAACCGTCACAl I ICCCGtAC 
CGTCTTT GGCMTAACGTG AGCTTCGGAGATGGATTTGTTGAGGT 
GCTGGCTGCAACCCAAACACAAGGGGAAAC 



GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGMGCTCACGjrTATTGCCAAAGACGGTACGGGAAATGTGA 
CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 



TGGCAATAACGTGAGCT 



AGCTCACGTTATTGCCA 



5925 



5926 



5927 



5926 



Increased Starch 
ADPGPP 
Oryza sativa 
Thr96Lys 
ACC-AAA 



Increased Starch 
ADPGPP 
Oryza sativa 
Prot24Leu 
CCC-CTC 



cattccggaggAActttgcggaTccaaatgaggttgctgctgtta 
tangggtggtggcamgggactcmctttttcctctcacaagca 
caagggccacgcctgctgttcctattggagg 



CCTCCAATAGGAACAGCAGGCGTGGCCCTTGTGCTTGTGAGAGG 

AAAAAGTTGAGTCCCTTTGCCACCACCCAATATAACAGCAGCAAC 
CTCATTTGGATCCGCAAAGTTCCTCCGGAATG 



TGGTGGCAAAGGGACTC 



GAGTCCCTTTGCCACCA 



iGCAUMGGecCACGCCTGCTGTTCCTATTGGAGGATGCTATA 
GGCTTATCGATATCCTCATGAGCMCTGTTTCAACAGTGGCATAAA 
CAAGATATTCATAATGACTCAATTCAACTC 



GAGTTGAATTGAGTCATTATGAATATCTTGTTTATGCCACTGTTGAA 

ACAGTTGCTCATGAGGATATCGATAAGCCTATAGCATCCTCCAATA 
GGAACAGCAGGCGTGGCCCTTGTGCTTG 



CGATATCCTCATGAGCA 



TGCTCATGAGGATATCG 



5930 



5931 



5934 



5935 



5936 



Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-MT 



TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 

GTACCTTGGTGGTAATATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 



GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 
TCAGTAAAGTTGATATTACCACCAAGGT ACGTACGATGAATGTGAC 
GATTAAGAGATGCTGAGTTGAATTGAGTCA 



5937 



5938 
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Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAC 



TGGTGGTAATATCAACT 



5939 



AGTTGATATTACCACCA 



5940 



tGACTCAAtTCAACtCAGCATCTCTrAATCGTCACATTCATCGTAC 
GTACCTTGGTGGTAACATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 



594T 



GCCTCCCCAGGCAnTGTGTAGCGGCTAATACCTCAACAGAACCA 

TCAGTAAAGTTGATGTTACCACCAAGGTACGTACGATGAATGTGA 

CGATTAAGAGATGCTGAGTTGAATTGAGTCA 



5942 



TGGTGGTAACATCAACT 



5943 



AGTTGATGTTACCACCA 



5944 



10 



Increased Starch 
ADPGPP 
Triticum aestivum 
Thr80Lys 
ACC-AAA 



GTCCttCAGGAGGATtAAGCGATCCGAACGAGGTrGCGGCcGTC 
ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 



5945 



CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTCGTGAGTGG 
6AAGAGCTGAGTCCCHTGCCGCCGCCGAGTATGACGGCCGCAA 
CCTCGTTCGGATCGCTTAATCCTCCTGAAGGAC 



5946 



CGGCGGCAAAGGGACTC 



5947 



GAGTCCCTTTGCCGCCG 



5948 



15 



Increased Starch 
ADPGPP 
Triticum aestivum 
Pro108Leu 
CCC-CTC 



CGAGCACAAGGGCCACACCTGCTGTTCCTA1TGGAGGATGTTACA 

GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

ACAAGATATTCGTCATGACCCAGTTCAACTC 



5949 



GAGTTGAACTGGGTCATGACGAATATCTTGTTGATGCCACTGTTG 
AAGCAGTTGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 
ATAGGAACAGCAGGTGTGGCCCTTGTGCTCG 



5950 



CGACATTCTCATGAGCA 



5951 



TGCTCATGAGAATGTCG 



5952 



20 



Increased Starch 
ADPGPP 
Triticum aestivum 
Gly143Asn 
GGA-AAT 



TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATC AATTTCACTGATGGATCCGTT GAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 



GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 



CGGCGGGAATATCAATT 



AATTGATATTCCCGCCG 



5953 



5954 



5955 



5956 



25 



Increased Starch 
ADPGPP 

aestivum 



1111*1111 



Gly143Asn 
GGA-AAC 



TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCCGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 



5957 
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GCCTCCCCG6GCATTTGCGTCGCGGCCAATACCTCMCGGATCC 
ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 



CGGCGGGAACATCAATT 



AATTGATGTTCCCGCCG 



:>5S55*:*»:-:-j»»:->:l 



5958 



5959 



5960 



Increased Starch 

ADPGPP 

Oryzasativa 

Thr95Lys 

ACT-AAA 



CCTCCCGAAAGAAtTAtGCTGAtGCAAGCCACGTTTCTGCTGTCA 
TTTTGGGTGGAGGCAAAGGAGTTCAACTCTTTCCTCTGACAAGCA 
CAAGGGCTACCCCCGCTGTTCCTGTTGGAGG 



CCTCCAACAGGAACAGCGGGGGTAGCCCTTGTGC7TGTCAGAGG 
AAAGAGTTGAACTCCHTGCCTCCACCCAAAATGACAGCAGAAAC 
GTGGCTTGCATCAGCATMTTCTTTCGGGAGG 



TGGAGGCAAAGGAGTTC 



GAACTCCTTTGCCTCCA 



5961 



5962 



5963 



5964 



Increased Starch 

ADPGPP 

Oryzasativa 

Pro123Leu 

CCT-CTT 



Increased Starch 
ADPGPP 
Oryzasativa 
Gly158Asn 
GGG-AAT 



increased Starch 
ADPGPP 
Oryza sativa 
Gly158Asn 
GGG-AAC 



caagcacaagggctacccccgctgttcctgttggaggaTgttaca 
ggcttattgacatccttatgagcaattgcttcaatagcggaataaa 
taaaatatttgtgatgactcagttcaattc 



GAATTGAACT GAGTC ATCACAAATATT7TATTTATTCCGCTATTGAA 
GCAATTGCTCATAAGGATGTCAATAAGCCTGTAACATCCTCCAACA 
GGAACAGCGGGGGTAGCCCTTGTGCTTG 



TGACATCCTTATGAGCA 



TGCTCATAAGGATGTCA 

TGACTCAGTTCAATTCTGCTTCTCTTAATCGCCATATCCATCATAC 
ATACCTTGGTGGGAATATCAACTTTACTGATGGGTCTGTGCAGGT 
ATTGGCTGCTACACAAATGCCTGACGAACC 



5965 



5966 



5967 



GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 

TCAGTAMGTTGATATTCCCACCAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGCAGAATTGAACTGAGTCA 



TGGTGGGAATATCAACT 



AGTTGATATTCCCACCA 



TGACTCAGTTCAATtCtGCTTCTCTTAATCGCCATAtCCATCATAC 
ATACCTTGGTGGGAACATCAACTTTACTGATGGGTCTGTGCAGGT 
ATTGGCTGCTACACAAATGCCTGACGAACC 



5968 
5969 



5970 



5971 



5972 



GGTTCGTCAGGCATTTGTGTAGCAGCCAATACCTGCACAGACCCA 

TCAGTAMGTTGATGJTCCCACCAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGCAGAATTGAACTGAGTCA 



TGGTGGGAACATCAACT 



AGTTGATGTTCCCACCA 



5973 



5974 



5975 



5976 
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CCTtCCGCAGGMtTAC6CC6ATCCGAACGAGGTCGCGGCC6TC 
ATACTCGGCGGTGGCAAAGGGACTCAGCTCTTCCCTCTCACAAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 



Increased Starch 
ADPGPP 
Triticum aestivum 
Thr99Lys 
ACC-AAA 



CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTTGTGAGAGG 
GAAGAGCTGAGTCCCTTrGCCACCGCCGAGT ATGACGGCCGCGA 
CCTCGTTCGGATCGGCGTAATTCCTGCGGAAGG 



CGGTGGCAAAGGGACTC 



GAGTCCCTTTGCCACCG 



5977 



5978 



5979 



5980 



10 



Increased Starch 
ADPGPP 
Triticum aestivum 
Pro127Leu 
CCC-CTC 



CAAGCACAAGGdCCACACCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTCATCGATATTCICATGAGCAACTGCTTCAATAGTGGCATCAA 
CAAGATATTCGTCATGACGCAGTTCAACTC 



5S5T 



GAGTTGAACTGCGTCATGACGAATATCTTGTTGATGCCACTATTGA 
AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 

TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 



5982 



CGATATTCTCATGAGCA 



5983 



TGCTCATGAGAATATCG 



5984 



15 



Increased Starch 
ADPGPP 
Triticum aestivum 
Gly162Asn 
GGA-AAT 



TGACGCAGTTCAACTCGGCCTCTCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAAEATCMTTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 



GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 



CGGCGGGAATATCAATT 



AATTGATATTCCCGCCG 



5985 



5986 



5987 



5988 



20 



Increased Starch 
ADPGPP 
Triticum aestivum 
Gy162Asn 
GGA-AAC 



TGACGCAGTTCAACTCGGCCTCTCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 



5989 



GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 
ATCAGTGAMTTGATGJTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 



5990 



CGGCGGGAACATCAATT 



5991 



AATTGATGTTCCCGCCG 



5992 



25 



Increased Starch 
ADPGPP 
lea mays 
Thr96Lys 
ACC-AAA 



Clll lOGGAG^AAtTATGCtGATCCtAATGAAGTCGCTGCCGTCA 
TTTTGGGTGGTGGTAAAGGGACTCAGCTTTTCCCTCTCACAAGCA 

CAAGGGCCACCCCTGCTGTTCCTATTGGAGG 



5993 



CCTCCMTAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 
GAAAAGCTGAGTCCCTTTACCACCACCCAAAATGACGGCAGCGAC 
TTCATTAGGATCAGCATAATTCCTCCGAAAAG 



5994 



TGGTGGTAAAGGGACTC 



5995 
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Increased Starch 
ADPGPP 
lea mays 
Pro124Leu 
CCC-CTC 



GAGTCCCJTTACCACCA 



CMGCACMGGGCCACCCCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTTATTGATATCCICATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTTGTTATGACTCAGTTCAACTC 



GAGTTGAACTGAGTCATAACAAATATCTTGTTTATGCCACTGTTGA 
AACAGTTGCTCATGAGGATATCAATMGCCTGTAACATCCTCCAAT 
AGGAACAGCAGGGGTGGCCCTTGTGCTTG 



TGATATCCTCATGAGCA 



TGCTCATGAGGATATCA 



Increased Starch 
ADPGPP 
Tea mays 
Gly159Asn 
GGG-AAT 



Increased Starch 
ADPGPP 
Zea mays 
Gly159Asn 
GGG-AAC 



Increased Starch 
ADPGPP 

Solanum tuberosum 

Ala58Lys 

GCG-AAG 



5996 



5997 



5998 



5999 



6000 



TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 
CTATCnGGTGGGAATATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 



GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATATTCCCACCAAGATAGGTACGATGAATGTGA 

CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 



TGGTGGGAATATCAACT 



AGTTGATATTCCCACCA 



TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATtCATCGtAC 
CTATCTTGGTGGGAACATCAACTTCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 



6001 



6002 



6003 



6004 



GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCCA 

TCAGTGAAGTTGATGTTCCCACCAAGATAGGTACGATGAATGTGA 
CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 



TGGTGGGAACATCAACT 



AGTTGATGTTCCCACCA 



Increased Starch 
ADPGPP 

Solanum tuberosum 

Pro86Leu 

CCA-CTA 



cttgagaggcaamgmgggcgatgcmggacAgTaGTaGcaat 
canctaggagggggaaagggmctcgtcttttccccctcaccaa 

ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 



^005 



6006 



6007 



6008 



CTCCCATTGGAACGGCAGGCTTAGCACGACGTTTGGTGAGGGGG 
AAMGACGAGTTCCCTJTCCCCCTCCTAGMTGATTGCTACTACTG 
TCCTTGCATCGCCCTTCTTTTGCCTCTCAAG 



GAGGGGGAAAGGGAACT 



AGnCCCTTTCCCCCTC 

CCAAACGTCGTGCTMGCCTGCCGTTCCAATGGGAGGAGCATATA 
GGCTAATTGATGTACIAATGAGCAACTGTATTAACAGTGGCATCAA 
CAAAGTATACATTCTCACTCAATTCAACTC 



6009 



6010 



6011 



GAGTTGAATTGAGTGAGAATGTATACTTTGTTGATGCCACTGTTAA 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCAT 
TGGAACGGCAGGCTTAGCACGACGTTTGG 



6014 



WO 01/92512 



144 



PCT/US01/17672 





TGATGTACTAATGAGCA 



6015 



TGCTCATTAGTACATCA 



6016 



CTCMttCMCTCAGCCTcACTTAACAGGCATATAGCTCGTGCTTA 
CAACTTTGGCAATAATGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAATT 



W7 



Increased Stiffen 
ADPGPP 

Solanum tuberosum 

Gly122Asn 

GGG-AAT 



AATTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGMTGTGACATTATTGCCAAAGnGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 



6018 



TGGCAATAATGTCACAT 



6019 



ATGTGACATTATTGCCA 



6020 



Increased Starch 
ADPGPP 

Solanum tuberosum 

Gly122Asn 

GGG-AAC 



CTCAATTCAACTCAGCCTCACTTAACAGGCATATAGCTCGTGCTTA 
CAACTTTGGCAATAACGTCACATTCGAGAGTGGCTATGTCGAGGT 

CTTAGCAGCAACTCAAACACCAGGTGAATT 



1>02T 



MTTCACCTGGTGTTTGAGTTGCTGCTAAGACCTCGACATAGCCA 

CTCTCGMTGTGACGnATTGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGTTAAGTGAGGCTGAGTTGAATTGAG 



6022 



TGGCAATAACGTCACAT 



6023 



ATGTGACGTTATTGCCA 



6024 



Increased Starch 
ADPGPP 
Beta vulgaris 
Ala98Lys 
GCT-AAA 



'I A 1 1 IGAAICI CCAAMGCTGACCCAAAAAATGTGGCTGCAATTGT 

GCTGGGTGGTGGTAAAGGGACTCGCCTCTTTCCTCTTACTAGCA 

GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 



CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
MGAGGCGAGTCCCTTTACCACCACCCAGCACAATTGCAGCCACA 
1 1 1 1 1 1 GGGTCAGCTTTTGGAGATTCAAATA 



6026 



TGGTGGTAAAGGGACTC 



6027 



GAGTCCCTTTACCACCA 



6028 



Increased Starch 
ADPGPP 
Beta vulgaris 
Ala98Lys 
GCT-AAC 



IAI 1 1 GAA I CTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 

GCTGGGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCA 

GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 



CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
AAGAGGCGAGTCCCGTTACCACCACCCAGCACAATTGCAGCCAC 
A 1 1 1 1 1 1 GGGTCAGCTTTTGGAGATTCAAATA 



6030 



TGGTGGTAACGGGACTC 



6031 



GAGTCCCGTTACCACCA 



6032 



Increased Starch 
ADPGPP 

Bate vulgaris 



CTAGCAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTTAC 
AGGCTGATTGATGTGCTTATGAGCAACTGCATCAACAGTGGCATT 
AGAAAGATTTTCATTCTTACCCAGTTCAATTC 



6033 



Pro126Leu 
CCT-CTT 



WO 01/92512 



PCT/US01/17672 



-145- 




GAATTGAACTGGGTAAGAATGAAAATCTTTCTAATGCCACTGTTGA 
TGCA6TTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCTTAGCTCTCCTGCTAG 



TGATGTGCTTATGAGCA 



TGCTCATAAGCACATCA 



6034 



6035 



6036 



Increased Starch 
ADPGPP 
Beta vulgaris 
Gly162Asn 
GGT-MT 



CCCAGTTCAAT I CG 1 1 1 ICGCI IAATCGTCATCTTGCTCGMCCTA 
TMTTTTGGAGATAATGTGMTTTTGGGGATGGCTTTGTGGAGGTT 
TTTGCTGCTACACAAACACCTGGAGMTC 



GATrCTCCAGGTGT7TGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAMTTCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 



TGGAGATAATGTGAATT 



MTTCACATTATCTCCA 



6037 



6038 



6039 



6040 



10" 



Increased Starch 
ADPGPP 
Beta vulgaris 
Gly162Asn 
GGT-AAC 



CCCAGTTCAAT I CGI 1 1 1 CGC I TAATCGTCATCTTGCTCGAACCTA 
TMTTTTGGAGATAACGTGMTTTTGGGGATGGCTTTGTGGAGGT 
TTTTGCTGCTACACAAACACCTGGAGAATC 



GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAMnCACGJTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 



TO" 



6042 



TGGAGATAACGTGAATT 



6043 



AATTCACGTTATCTCCA 



6044 



WO 01/92512 



PCT/US01/17672 



-146- 



Table21 

OGgonucleotides to produce plants with waxy starch 




Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser12Term 

TCA-TGA 



GAATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTC 
TTCTMCTTTGTGTGAAGAACTTCACTTTTCAACMTCATGGTGCTT 
CTTCATGCTCTGATGTCGCTCAGATTAC 



6045 



GTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTTGA 
AAAGTGAAGTTCTTCACACAAAGTTAGAAGAAGCAGTCACAGTTGC 
CATTATGAACTACCCGTTTACCTGGATTC 



6046 



CTTTGTGTGAAGAACTT 



6047 



AAGTTCTTCACACAAAG 



6048 



Waxy starch 
GBSS 

Arabidopsis thaliana 

Arg13Term 

AGA-TGA 



ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTT 
CTMCTTTGTGTCAIGAACTTCACTTTTCAACAATCATGGTGCTTCT 

TCATGCTCTGATGTCGCTCAGATTACCT 



6049 



AGGTMTCTGAGCGACATCAGAGCATGAAGAAGCACCATGA7TGTT 
GAAAAGTGAAGTTCATGACACAAAGTTAGAAGAAGCAGTCACAGTT 
GCCATTATGAACTACCCGTTTACCTGGAT 



6050 



TTGTGTCATGAACTTCA 



6051 



TGAAGTTCATGACACAA 



6052 



Waxy starch 
GBSS 

Arabidopsis thaliana 

SerlSTerm 

TCA-TGA 



TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTTCTAACTT 

TGTGTCMGMCTTGACTTTTCAACAATCATGGTGCTTCTTCATGCT 

CTGATGTCGCTCAGATTACCTTAAAAGG 



6053 



CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCAT 
GATTGTTGAAAAGTCAAGTTCTTGACACAAAGTTAGAAGAAGCAGT 

CACAGTTGCCATTATGAACTACCCGTTTA 



6054 



AAGAACTTGACTTTTCA 



6055 



TGAAMGT C AAGTTCTT 



6056 



Waxy starch 
GBSS 

Arabidopsis thaliana 

Ser24Term 

TCA-TGA 



TGACTGCTTCTTCTMCTTTGTGTCMGMCTTCACTTTTCAACAAT 
CATGGTGGITCTTGATGCTCTGATGTCGCTCAGATTACCTTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 



6057 



CTTAACCCACAATGAGTCAAGGATTGGCCnTTAAGGTAATCTGAG 
CGACATCAGAGCATCAAGAAGCACCATGATTGTTGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGCAGTCA 



6058 



TGCTTCTTGATGCTCTG 



6059 



CAGAGCATCAAGAAGCA 



6060 



WO 01/92512 



147 



PCT/US01/17672 









Waxy starch 
GBSS 

A t • m • • | fa 

Arabidopsis thaliana 

Cys25Tenm 

TGC-TGA 


TGCnCTTCTMCTTTGTGTCAAGAACTTCACTTTTCAACAATCATG 
GTGCTTCTTCATGATCTGATGTCGCTCAGATTACCTTAAAAGGCCA 
ATCCTTGACTCATTGTGGGTTAAGGTCA 


6061 


TGACCTTAACCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATC 
TGAGCGACATCAGATCATGAAGAAGCACCATGATTGTTGAAAAGTG 
AAGTTCTTGACACAAAGTTAGAAGAAGCA 


6062 


TCTTCATGATCTGATGT 


6063 


ACATCAGATCATGAAGA 


6064 


Waxy starch 
GBSS 

Antirrhinum majus 
Lys24Term 
AAA-TAA * 


GTAACAGCTTCACAGTTGGTGTCACATGTCCATGGTGGAGCAACG 
TCTTCACCGGATACTIAAACAAACTTGGCCCAGGTTGGCCTCAGG 
AACCAGCAATTCACTCACAATGGGTTGAGAT 


6065 

www 


ATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGAGGCCAACCT 
GGGCCMGTTTGTTTAAGTATCCGGTGAAGACGTTGCTCCACCAT 
GGACATGTGACACCAACTGTGAAGCTGTTAC 


6066 


CGGATACTTAAACAAAC 


6067 


GTTTGTTTAAGTATCCG 


6068 


Waxy starch 
GBSS 

Antrrhmum majus 

Leu27Term 

TTG-TAG 


CACAGTTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGG 
ATACTAAAACAAACTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 
TCACTCACAATGGGTTGAGATCAATAAACAT 


6069 

Www V 


ATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGA 
GGCCMCCTGGGCCIAGTTTGTTTTAGTATCCGGTGAAGACGTTG 

<0Ak A »0>A. A ^Ay ^Ak A ^Av a ^kMk ^Av m AA. A ^A. ^Ak A A ^^A^^m ^^.<>^m -*^kk. 

CTCCACCATGGACATGTGACACCAACTGTG 


6070 


AACAAACTAGGCCCAGG 


6071 


CCTGGGCCTAGTTTGTT 


6072 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln29Term 

CAG-TAG 


TTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGGATACT 
AAAACAAACTTGGCCIAGGTTGGCCTCAGGAACCAGCAATTCACT 
CACAATGGGTTGAGATCAATAAACATGGTTG 


6073 

Wwf w 


CMCCATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTT 
CCTGAGGCCAACCTAGGCCAAGTTTGTTTTAGTATCCGGTGAAGA 

*^*A ^*lfc a ^P^ — ^*A ^■*^kf* J «^*A A ^A A A ^Av A A AA tfAAAV ^Av A ^A a *0Av ^Ma. a A 

CGTTGCTCCACCATGGACATGTGACACCAA 


6074 


ACTTGGCCTAGGTTGGC 


.6075 


GCCAACCTAGGCCAAGT 


6076 


Waxy starch 
GBSS 

Antirrhinum majus 


GGTGGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAG 
GTTGGCCTCAGGAACTAGCAATTCACTCACAATGGGTTGAGATCAA 
TAAACATGGTTGATAAG CTTCAAATGAGGA 


6077 


Gln35Term 
CAG-TAG 


TCCTCATTTGMGCTTATCMCCATGTTTATTGATCTCAACCCATTG 
TGAGTGAATTGCTAGTTCCTGAGGCCAACCTGGGCCAAGTTTGTT 
TTAGTATCCGGTGAAGACGTTGCTCCACC 


6078 



WO 01/92512 



PCT/US01/17672 



-148- 




TCAGGAACTAGCAATTC 



6079 



GAATTGCTAGTTCCTGA 



6080 



Waxy starch 
GBSS 

Antirrhinum maps 

Gln36Term 

CAA-TAA 



GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 

GGCCTCAGGAACCAGTAATTCACTCACAATGGGTTGAGATCAATM 

ACATGGTTGATAAGCTTCAAATGAGGAACA 



6081 



TGTTCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 

GTTTTAGTATCCGGTGAAGACGTTGCTCC 



6082 



GGAACCAGTAATTCACT 



6083 



AGTGAATTACTGGTTCC 



6084 



10 



Waxy starch 
GBSS 

Ipomoea batatas 

Gly20Term 

GGA-TGA 



GTGATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTG 
GGGGTGCCACTTCTTGAGMTCAAAAGTGGGGTTGGGTCAATTAG 

CCCTGAGGAGCCAAGCTGTGACTCACAATG 



6085 



CA7TGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 
CCACTTTTGATTCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
CAAAGTGTGAGGCAGTTATAGTCGCCATCAC 



6086 



CCACTTCTTGAGAATCA 



6087 



TGATTCTCAAGAAGTGG 



6088 



15 



Waxy starch 
GBSS 

Ipomoea batatas 

Glu21Term 

GAA-TAA 



ATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGG 

GTGCCACTTCTGGATAATCAAAAGTGGGGTTGGGTCAATTAGCCC 

TGAGGAGCCAAGCTGTGACTCACAATGGGT 



6089 



ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCACmTGATTATCCAGAAGTGGCACCCCCACAGACATGAG 
AAACAAAGTGTGAGGCAGTTATAGTCGCCAT 



6090 



CTTCTGGATAATCAAAA 



6091 



TTTTGATTATCCAGAAG 



6092 



20 



Waxy starch 
GBSS 

Ipomoea batatas 

Ser22Term 

TCA-TGA 



CGACTATMCTGCCTCACACT7TGTTTCTCATGTCTGTGGGGGTGC 
CACTTCTGGAGAATGAAAAGTGGGGTTGGGTCAATTAGCCCTGAG 
GAGCCAAGCTGTGACTCACAATGGGTTGAG 



CTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGA 
CCCAACCCCACTTTTCATTCTCCAGAAGTGGCACCCCCACAGACA 
TGAGAAACAAAGTGTGAGGCAGTTATAGTCG 



TGGAGAATGAAAAGTGG 



CCAC7TTTCATTCTCCA 



6093 



6094 



6095 



6096 



WO 01/92512 



149 



PCT/US01/17672 




Waxy starch 
GBSS 

llpomoea batatas 

Lys23Term 

IAM-TAA 



Waxy starch 
I GBSS 

Ipomoea batatas 

Leu26Term 

ITTG-TAG 



[Waxy starch 
GBSS 
\Astragalus 
membranaeus 
Tyr8Term 
TAT-TAG . 



ACTATMCTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCA 
CTTCTGGAGAATCATAAGTGGGGTTGGGTCAATTAGCCCTGAGGA 
GCCAAGCTGTGACTCACAATGGGTTGAGAC 



6097 



GTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATT 
GACCCAACCCCACTTATGATTCTCCAGAAGTGGCACCCCCACAGA 
CATGAGAAACAAAGTGTGAGGCAGTTATAGT 



6098 



GAGAATCATAAGTGGGG 



6099 



CCCCACTTATGATTCTC 



6100 



CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATCAAAAGTGGGGTAGGGTCAATTAGCCCTGAGGAGCCAAGCTGT 
GACTCACAATGGGTTGAGACCTGTGAACAA 



TTGTTCACAGGTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCA 

GGGCTAATTGACCCIACCCCACTTTTGATTCTCCAGAAGTGGCAC 

CCCCACAGACATGAGAAACAAAGTGTGAGG 



AGTGGGGTAGGGTCAAT 



A7TGACCCTACCCCACT 

CATCGGCGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAC 
GGTGACGGGGTCTTAGGTGGTGTCGAGAAGCGCGTGCTTCAATTG 
CCAGGGAAGAACAGAAGCCAAAGTGAATTCA 



6101 



6102 



6103 



TGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGAAGCACGCG 

CTTCTCGACACCACCTMGACCCCGTCACCGTTGCCATTCTGTGA 

GAGAGCAGTAAGGAGCAACAATCGCCGATG 



GGGTCTTAGGTGGTGTC 



GACACCACCTAAGACCC 



6104 
6105 



6106 



6107 



6108 



Waxy starch 

GBSS 

\Astragalus 

\membranaeus 

Ser11Term 

TCG-TAG 



ATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGG 
GGTCTTATGTGGTGTAGAGMGCGCGTGCTTCAATTCCCAGGGAA 
GAACAGAAGCCAAAGTGAATTCACCTCAGAA 



TTCTGAGGTGAATTCACTTTGGCTTCTG7TCTTCCCTGGGAATTGA 

AGCACGCGCTTCTCTACACCACATAAGACCCCGTCACCGTTGCCA 
TTCTGTGAGAGAGCAGTAAGGAGCAACAAT 



TGTGGTGT AGAGAAGCG 



CGCTTCTCTACACCACA 



6109 



6110 



6111 



6112 



WO 01/92512 PCT/US01/17672 

-150- 



10 



15 



20 



25 




Waxy starch 

GBSS 

Astragalus 

membranaeus 

Arg12Term 

AGA-TGA 



Waxy starch 

GBSS 

Astragalus 

membranaeus 

Cys15Term 

TGC-TGA 



Waxy starch 

GBSS 

Astragalus 

membranaeus 

Gin19Term 

CAG-TAG 



TGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 
TCTTATGTGGTGTCGIGAAGCGCGTGCTTCAATTCCCAGGGAAGA 

ACAGMGCCAAAGTGAATTCACCTCAGAAGA 



6113 



TCnCTGAGGTGMTTCACTTTGGCTTCTGTTCTTCCCTGGGAATT 

GAAGCACGCGCTTCACGACACCACATAAGACCCCGTCACCGTTGC 

CATTCTGTGAGAGAGCAGTAAGGAGCMCA 



6114 



TGGTGTCGTGAAGCGCG 



6115 



CGCGCTTCACGACACCA 



6116 



ACTGCTCTCTCACAGAATGGCAACXaGTGACGGGGTCTTATGTGGT 
GTCGAGAAGCGCGTGATTCAATTCCCAGGGAAGAACAGAAGCCAA 
AGTGAATTCACCTCAGAAGATAAATCTCAAT 



6117 



AnGAGATTTATCnCTGAGGTGMTTCACTTTGGCTTCTGTTCTTC 
CCTGGGAATTGAATCACGCGCTTCrCGACACCACATAAGACCCCG 
TCACCGTTGCCATTCTGTGAGAGAGCAGT 



6118 



AGCGCGTGATTCAATTC 



6119 



GAATTGAATCACGCGCT 



6120 



CACAGAATGGCAACGGTGACGGGGTCTTATGTGGTGTCGAGAAGC 

GCGTGCTTCAATTCCTAGGGAAGAACAGAAGCCAAAGTGAATTCA 

CCTCAGAAGATAAATCTCAATAGCCAAGCAT 



6121 



ATGCTTGGCTATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCT 
TCTGTTCTTCCCTAGGAATTGAAGCACGCGCTTCTCGACACCACAT 
AAGACCCCGTCACCGTTGCCATTCTGTG 



6122 



TCAATTCCTAGGGAAGA 



6123 



TCTTCCCTAGGAATTGA 



6124 



Waxy starch 
GBSS 

Solanum tuberosum 

Ser7Term 

TCA-TGA 



TGTAGCTTGGTAGATTCCCC 1 1 1 1 1 GTAGACCACACATCACATGGC 
AAGCATCACAGCTTGACACCACTTTGTGTCAAGAAGCCAMCTTCA 

CTAGACACCAAATCAACCTTGTCACAGAT 



ATCTGTGACAAGGTTGATTTGGTGTCTAGTGAAGTTTGGCTTCTTG 
ACACAAAGTGGTGTCAAGCTGTGATGCTTGCCATGTGATGTGTGG 
TCTACAAAAAGGGGAATCTACCAAGCTACA 



CACAGCTTGACACCACT 



AGTGGTGTCAAGCTGTG 



Waxy starch 
GBSS 

Solanum tuberosum 

Ser12Term 

TCA-TGA 



TCCCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTC 
ACACCACTTTGTGTGAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCnGTCACAGATAGGACTCAGGAACCA 



TGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTTCACACAAAGTGGTGTGAAGCTGTGATGCTTGC 
CATGTGATGTGTGGTCTACAAAAAGGGGA 



6125 



6126 



6127 



6128 



6129 



6130 



WO 01/92512 



151 



PCTYUS01/17672 




■:«w:\-:i>>a 



CTTTGTGTGAAGAAGCC 



6131 



GGCTTCTTCACACAAAG 



6132 



Waxy starch 
GBSS 

Solatium tuberosum 

|Arg13Term 

AGA-TGA 



CCCTTTTTGTAGACCACACATCACATGGCAAGCATCACAGCTTCAC 
ACCACTTTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
CTTGTCACAGATAGGACTCAGGAACCATA 



TATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAG 
TGAAGTTTGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 
GCCATGTGATGTGTGGTCTACAAAAAGGG 



TTGTGTCATGAAGCCAA 



TTGGCTTCATGACACAA 



6133 



6134 



6135 



6136 



Waxy starch 
IGBSS 

Solatium tuberosum 

Gln15Term 

CAA-TAA 



TTGTAGACCACACATCACATGGCAAGCATCACAGCTTCACACCACT 

TTGTGTCAAGAAGCIAAACTTCACTAGACACCAAATCAACCTTGTC 

ACAGATAGGACTCAGGAACCATACTCTGA 



TCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGT 
GTCTAGTGMGTTTAGCTTCTTGACACAAAGTGGTGTGAAGCTGTG 
ATGCTTGCCATGTGATGTGTGGTCTACAA 



CAAGAAGCTAAACTTCA 



TGAAGTTTAGCTTCTTG 



6137 



6138 



6139 



6140 



Waxy starch 
GBSS 

Solatium tuberosum 

Ser17Tenm 

ITCA-TGA 



CCACACATCACATGGCAAGCATCACAGCTTCACACCACTTTGTGTC 
AAGAAGCCAAACTTGACTAGACACCAAATCAACCTTGTCACAGATA 
GGACTCAGGAACCATACTCTGACTCACAA 



TTGTGAGTCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTG 
ATTTGGT GTCTAGT CAAGTTTGGCTTCTTGACAC AAAGTGGTGTGA 
AGCTGTGATGCTTGCCATGTGATGTGTGG 



CCAAACTTGACTAGACA 



TGTCTAGTCAAGTTTGG 



6141 



6142 



6143 



6144 



Waxy starch 
GBSS 

\Pisum sativum 

|Gly6Term 

IGGA-TGA 



GTCGATCACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAA 
TGGCAACAATAACGIGATCTTCAATGCCGACGAGAACCGCGTGCT 
TCAATTACCAAGGAAGATCAGCAGAGTCTA 



TAGACTCTGCTGATCTTCCTTGGT AATTGAAGCACGCGGTT CTCGT 

CGGCATTGMGATCACGTTATTGTTGCCATTTTTGTGTCAAAATCT 
GTTTCGGCGGTGAGAGAAGAGTGATCGAC 



CAATAACGIGATCTTCA 



TGAAGATCACGTTA7TG 



6145 



6146 



6147 



6148 



WO 01/92512 



PCT/US01/17672 



-152- 



333* 




Waxy starch 
GBSS 

Pisum sativum 

SerSTerm 

TCA-TGA 



Waxy starch 
GBSS 

Pisum sativum 

Arg12Term 

AGA-TGA 



Waxy starch 
GBSS 

Pisum sativum 

Cys15Term 

TGC-TGA 



Waxy starch 
GBSS 

Pisum sativum 

TyrlBTerm 

TAC-TAG 



Waxy starch 
GBSS 

Manihot esculenta 

SerHTenn 

TCA-TGA 



ACTCTTCTCTCACCGCCGAMCAGATTTTGACACAAAAATGGCAAC 
MTMCGGGATCTTGMTGCCGACGAGAACCGCGTGCTTCAATTA 
CCAAGGAAGATCAGCAGAGTCTAAACTGAA 



TTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATTG AAGCA CGCGG 
TTCTCGTCGGCATTCMGATCCCGTTATTGTTGCCATTTTTGTGTC 
AAAATCT GTTTCGGCGGTGAGAGAAGAGT 



GGGATCTTGAATGCCGA 



TCGGCATTCAAGATCCC 



ACCGCCGAAACAGATTTTGACACAAAAATGGCAACAATAACGGGAT 
CTTCAATGCCGACGTGAACCGCGTGCTTCAATTACCAAGGAAGAT 

CAGCAGAGTCTAAACTGAATTTGCCTCAGA 



TCTGAGGCAAAnCAGTTTAGACTCTGCTGATCTTCCTTGGTAATT 
GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTATTGTTGC 
CATTTTTGTGTCAAAATCTGTTTCGGCGGT 



TGCCGACGTGAACCGCG 



CGCGGTTCACGTCGGCA 



AGATTTTGACACAAAAATGGCAACAATAACGGGATCTTCAATGCCG 
ACGAGAACCGCGTGATTCAATTACCAAGGAAGATCAGCAGAGTCT 

AAACTGAATTTGCCTCAGATACACTTCMT 



ATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTT 
CCTTGGTAATTG AATCAC GCGGTTCTCGTCGGCATTGMGATCCC 
GTTATTGTTGCCA 1 1 1 II GTGTCAAAATCT 



ACCGCGTGATTCAATTA 



TAATTGAATCACGCGGT 



CACAAAAATGGCAACAATAACGGGATCTTCAATGCCGACGAGAAC 
CGCGTGCTTCAATTAGCAAGGAAGATCAGCAGAGTCTAAACTGAAT 
TTGCCTCAGATACACTTCAATAACAACCM 



TTGGTTGTTATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTG 
CTGATCTTCCTTGCTAATTGAAGCACGCGGTTCTCGTCGGCATTGA 
AGATCCCGTTATTGTTGCCATTTTTGTG 



TTCAATTAGCAAGGAAG 



CTTCCTTGCTAATTGAA 



TCTACACCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATT 
TCGTTTCCAGGAGCTGACACTTGAGCATCCATGCATTAGAGACTM 
GGCT AATAATTTGTCTCACACTGGACCCTG 



CAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTMTGCAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTATTA 
CAGTTGCCATGGTGCTCTCTCCGGTGTAGA 



6149 



6150 



6151 



6152 



6153 



6154 



6155 



6156 



6157 



6158 



6159 



6160 



6161 



6162 



6163 



6164 



6165 



6166 



WO 01/92512 



153 



PCT/US01/17672 




CAGGAGCTGACACTTGA 



6167 



TCAAGTGTCAGCTCCTG 



6168 



| Waxy starch 
GBSS 

\Manihot esculenta 

Leu16Tenm 

ITTG-TAG 



CCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATTTCGTTT 
CCAGGAGCTCACACTAGAGCATCCATGCA7TAGAGACTAAGGCTA 
ATAATTTGTCTCACACTGGACCCTGGACCCA 



6169 



TGGGTCCAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTA 

ATGCATGGATGCTCTAGTGTGAGCTCCTGGAAACGAAATGTGCAG 

CTATTACAGTTGCCATGGTGCTCTCTCCGG 



6170 



CTCACACTAGAGCATCC 



6171 



GGATGCTCTAGTGTGAG 



6172 



I Waxy starch 
GBSS 

\Manihot esculenta 

Leu21Tenm 

ITTA-TGA 



TGGCMCTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTT 
GAGCATCCATGCATGAGAGACTAAGGCTAATAATTTGTCTCACACT 
GGACCCTGGACCCAAACTATCACTCCCAA 



TTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAATTA 

TTAGCCTTAGTCTCTCATGCATGGATGCTCAAGTGTGAGCTCCTGG 

AAACGAAATGTGCAGCTATTACAGTTGCCA 



CCATGCATGAGAGACTA 



TAGTCTCTCATGCATGG 



6173 



6174 



6175 



6176 



I Waxy starch 
GBSS 

IManihot esculenta 

Glu22Term 

GAG-TAG 



GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGA 

GCATCCATGCATTATAGACTAAGGCTAATAATTTGTCTCACACTGG 

ACCCTGGACCCAAACTATCACTCCCAATG 



CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAAT 
TATTAGCCTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCCT 
GGAAACGAAATGTGCAGCTATTACAGTTGC 



ATGCATTATAGACTAAG 



CTTAGTCTATAATGCAT 



6177 



6178 



6179 



6180 



Waxy starch 
GBSS 

IManihot esculenta 

Lys24Term 

AAG-TAG 



GTMTAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGAGCATCC 
ATGCATTAGAGACTTAGGCTAATAATTTGTCTCACACTGGACCCTG 
GACCCAAACTATCACTCCCAATGGTTTAA 



TTAAACCATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAG 
ACAMTTATTAGCCTAAGTCTCTAATGCATGGATGCTCAAGTGTGA 
GCTCCTGGAAACGAAATGTGCAGCTATTAC 



TAGAGACTTAGGCTAAT 



ATTAGCCTAAGTCTCTA 



6181 



6182 



6183 



6184 



WO 01/92512 



PCT/US01/17672 



-154- 




Waxy starch 
GBSS 

Phaseolus vulgaris 

Seii2Term 

TCA-TGA 



ACAACTCCTCCGTCACCG6TATAA6CATGGCAACGGTATCGATGG 
CATCGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAAA 
GTGAAATCTTCGGGTCAGATGAGCCTGAACCG 



CGGTTCAGGCTCATCTGACCCGMGATTTCACTTTTGTCTCTGTAC 

tcc^cg<xk;ctttt£acgccacgcacgatgccatcgataccgttg 
ccatgcttataccggtgacggaggagttgt 



CGTGGCGTGAAAAGGCG 



CGCCTTTTCACGCCACG 



6185 



6186 



6187 



6188 



10 



Waxy starch 
GBSS 

Phaseolus vulgaris 

Trp16Term 

TGG-TGA 



CACCGGTATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGC 
GTCAAAAGGCGCGTGAAGTACAGAGACAAAAGTGAAATCTTCGGG 
TCAGATGAGCCTGMCCGTCATGAATTGAAA 



TTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGATTTCACT 
TnGTCTCTGTACTTCACGCGCCTTTTGACGCCACGCACGATGCC 
ATCGATACCGTTGCCATGCTTATACCGGTG 



GGCGCGTGAAGTACAGA 



TCTGTACTTCACGCGCC 



6189 



6190 



6191 



6192 



15 



Waxy starch 
GBSS 

Phaseolus vulgaris 

Glu19Term 

GAG-TAG 



ATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAA 
GGCGCGTGGAGTACATAGACAAAAGTGAAATCTTCGGGTCAGATG 
AGCCTGMCCGTCATGAATTGAAATACGATG 



CATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGA 
TTTCACTTTTGTCTATGTACTCCACGCGCCTTTTGACGCCACGCAC 
GATGCCATCGATACCGTTGCCATGCTTAT 



GGAGTACATAGACAAAA 



TTTTGTCTATGTACTCC 



6193 



6194 



6195 



6196 



20 



25 



Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys21Term 

AAA-TM 



ATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAMGGCGC 
GTGGAGTACAGAGACATAAGTGAAATCTTCGGGTCAGATGAGCCT 
GAACCGTCATGAATTGAAATACGATGGGTTGA 



TCMCCCATCGTATTTCMTTCATGACGGTTCAGGCTCATCTGACC 
CGMGATTTCACTTATGTCTCTGTACTCCACGCGCCTTTTGACGCC 

ACGCACGATGCCATCGATACCGTTGCCAT 



C AGAGAC ATAAGT GAAA 



TTTCACTTATGTCTCTG 



Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys23Term 

AAA-TAA 



ACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGCGTGGAG 
TACAGAGACAAAAGTGIAATCTTCGGGTCAGATGAGCCTGAACCG 
TCATGAATTGAAATACGATGGGTTGAGATCTC 



GAGATCTCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCAT 
CTGACCCGMGATTACACTmGTCTCTGTACTCCACGCGCCTTTT 
GACGCCACGCACGATGCCATCGATACCGT 



6197 



6198 



6199 



6200 



6201 



6202 



WO 01/92512 



PCT/US01/17672 



-155- 



10 



15 



20 



in 



| Waxy starch 
GBSS 

Mcum aestivum 
|Tyr7Term 

!tat-tag 



Waxy starch 
GBSS 

Mcc/m aestivum 

Cys8Term 

ITGT-TGA 



Waxy starch 
GBSS 

Triticum aestivum 
ITyrlOTerm 

Itat-tag 



Waxy starch 
GBSS 

Triticum aestivum 

IGta11Term 

ICAA-TAA 



CAAAAGTGIAATCTTCG 
CGAAGATTACACTTTTG 

GCGCCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGG 

GTTCCATTCCTAATTAgTGTTCTTATCAMCAAACAGTGTTGGTTCA 
CTGAAACTGTCGCCTCACATCCAATTCCAG 

CTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACTGTTT 

GTTTGATAAGAACACTAATTAGGAATGGAACCCATTGGTGCAGCCT 
CTCAATGACGACCTTTTCGA GCTAGGCGC 

CCTAATTAGTGTTCTTA 
TAAGAACACTAATTAGG 

CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTC 

CATTCCTMTTAnGATCTTATCAAACAAACAGTGTTGGTTCACTGA 
AACTGT CGCCTCACATCCfiATTCCAGCAA 

TTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACT 

GTTTGTTTGATAAGATCAATAATTAGGAATGGAACCCATTGGTGCA 
GCCTCTCAATGACGACCTTTTCG AGCTAGG 

MTTATTGATCTTATCA 
TGATAAGATCAATAATT 

ICGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCC 

TAATTATTGTTCTTAGCAAACAAACAGTGTTGGTTCACTGAAACTGT 
CGCCTCACATCCAATTCCAGCMTCTTGT 

ACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
MCACTGTTrGTTTGCTAAGAACAATAATTAGGAATGGAACCCATT 
GGTGCAGCCTCTCAATGACGAC CTTTTCGA 
TGTT CTTAG C AAACAAA 

TTTGTTTGCTAAGAACA 



6203 
6204 

6205 



6206 



CGAAMGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCCT 

MTTATTGTTCTTA7TAAACAAACAGTGTTGGTTCACTGAAACTGTC 
GCCTCACATCCAATTCCAGCAATCTTGTA 



TACAAGATTGCT GGAATTGGATGTGAGGCGACAGTTTCAGTGAAC 

CMCACTGTTTGTTTAATAAGAACAATAATTAGGAATGGMCCCATT 
GGTGCAGCCTCTCMTGAC GACCTnT^fi 

GTrCTTATTAAACAAAC 
GTTTGTTTAATAAGAAC 



6207 
6208 
6209 



6210 



6211 
6212 



6213 



6214 



6215 
6216 



6217 



6218 



6219 
6220 



WO 01/92512 



PCT/US01/17672 



-156- 




Waxy starch 
GBSS 

Triticum aestivum 

SerlTTerm 

TCA-TGA 



A6GCTGCACCMTGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
AACAGTGTTGGTTgACTGAAACTGTCGCCTCACATCCMTTCCAGC 
AATCTTGTAACAATGAAGTTATGTTCCT 



AGGMCATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
GCGACAGTTTCAGTCAACCAACACTGTTTGTTTGATAAGAACAATA 

ATTAGGAATGGAACCCATTGGTGCAGCCT 



TGTTGGTTGACTGAAAC 



GTTTCAGTCAACCAACA 



6221 



6222 



6223 



6224 



10 



15 



Waxy starch 
GBSS 

Triticum aestivum 

Gln28Term 

CAG-TAG 



Waxy starch 
GBSS 

Triticum aestivum 

Gly46Term 

GGA-TGA 



CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCG 
GATGCGGCTCTCGGCATGAGGACCGTCGGAGCTA 



6225 



TAGCTCCGACGGTCCTCATGCCGAGAGCCGCATCCGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 



6226 



CAGGTTTCIAGGGCGTG 



6227 



CACGCCCTAGAAACCTG 



6228 



GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCGGATGCGGCTC 
TCGGCATGAGGACCGTCTGAGCTAGCGCCGCCCCAACGCAAAGC 
CGGAAAGCGCACCGCGGGACCCGGCGGTGCCTCT 



6229 



AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCGTT 
GGGGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 
CGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 



6230 



GGACCGTCIGAGCTAGC 



6231 



GCTAGCTCAGACGGTCC 



6232 



20 



Waxy starch 
GBSS 

Triticum aestivum 

Gln53Term 

CAA-TAA 



CGGAGCCCGGCGGATGCGGCTCTCGGCATGAGGACCGTCGGAG 
CTAGCGCCGCCCCAACGTAAAGCCGGAAAGCGCACCGCGGGACC 
CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 



6233 



CGGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
TCCTCATGCCGAGAGCCGCATCCGCCGGGCTCCG 



6234 



CCCCAACGTAAAGCCGG 



6235 



CCGGCTTTACGTTGGGG 



6236 



25 



Waxy starch 
GBSS 

Triticum aestivum 

Lys56Term 

AAA-TAA 



GCGGATGCGGCTCTCGGCATGAGGACCGTCGGAGCTAGCGCCG 
CCCCAACGCAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCG 



6237 



CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAGGCACCGCCG 
GGTCCCGCGGTGCGCTTACCGGCTTTGCGTTGGGGCGGCGCTAG 
CTCCGACGGTCCTCATGCCGAGAGCCGCATCCGC^ 



6238 



WO 01/92512 PCT/US01/17672 

-157- 







wmm 




AAAGCCGGTAAGCGCAC 


6239 | 




GTGCGCTTACCGGCTTT 


6240 


I Waxy starch 

GBSS 

TriScum aestivum 


CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCRRrATRAArPT 

w • w i w w/ » i ww i ww i www ww w Unvw w w wnU v vuUu vwn 1 w#v\ww 1 

CGTGTTCGTCGGCGCCTAGATGGCGCCCTGGAGCAAGACCGGCG 
GCCTCGGCGACGTCCTCGGGGGCCTCCCCCCAG 




6lu85Tenn 
GAG-TAG 


CTGGGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 
GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAG 


6242 




TCGGCGCCIAGATGGCG 


6243 




CGCCATCTAGGCGCCGA 


6244 I 


I Waxv starch 

1 » » w\ J W MAI VII 

GBSS 

M/cu/n aestivum 


W 1 WW IVlWl WWW 1 UUAUU 1 MO WWrtwMwW w 1 WWOwWWWwwA 1 www 

GGCTCTGGTCACGTCGTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCATCACCGACAGGTTCCGGCGTGCAGGTTTTC 




GlnffTerm 
C AG-TAG 


GAAAACCTGCACGCCGGAACCTGTCGGTGATGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
GCGCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 


6246 




TCACGTCGTAGCTCGCC 


6247 




GGCGAGCTACGACGTGA 




1 Waxv starch i 
GBSS 

T/flrcwn aestivum 


CAGCTCGCCACCTCCRnrArrfiTrrTrn^ATrArrr5ArA^r2TT 

wnuu i vvwvnvv I w www w/Aww w 1 ww 1 wwwwrt 1 wr\w wwMwMw w 1 1 

CCGGCGTGCAGG 1 1 1 1 1 AGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 




Gln28Term 
C AG-TAG 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6250 




CAGGTTTTJAGGGTGTG 


6251 




CACACCCTAAAAACCTG 

~mawa • ^aw* * ^aw ^aw ^aw w w mm w W w v vtaw W ^maw 


! 


Waxv starch 
GBSS 

TriScum aestivum 


CCCCGGAGnnnGGn AC^ATC^rc^rrc^rTrc^c^r atci Ltifi apt a 

wwwwwwv^wwwwwww/AwA 1 www ww ww 1 w wwwA 1 OMuwnw 1 Aw WW 

GAGCGAGCGCCGCCCCGTAGCAACAMGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 




Lys52Term 
AAG-TAG 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6254 




CCGCCCCGTAGCAACAA 


6255 




TTGTTGCTACGGGGCGG 


6256 1 



WO 01/92512 



PCT/US01/17672 



-158- 




Waxy starch 
GBSS 

Triticum aestivum 

Gln53Term 

CAA-TAA 



CGGAGCCCGGCAGATGCGCCGCTCGGCATGA6GACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 



6257 



TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACnCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 



6258 



CCCCGAAGIAACAAAGC 



6259 



GCTTTGTTACTTCGGGG 



6260 



Waxy starch 
GBSS 

Triticum aestivum 

Gln54Term 

CAA-TAA 



AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 



6261 



CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTnCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 



6262 



CGAAGCAATAAAGCCGG 



6263 



CCGGCTTTATTGCTTCG 



6264 



Waxy starch 
GBSS 

Triticum durum 

Gln28Term 

CAG-TAG 



CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 
CCGGCGTGCAGGTTTCIAGGGCGTGAGGCCCCGGAACCCGGCG 
GATGCGGCCCTCGTCATGAGGACTATCGGAGCGA 



6265 



TCGCTCCGATAGTCCTCATGACGAGGGCCGCATCCGCCGGGTTC 

CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 

GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 



6266 



CAGGTTTCTAGGGCGTG 



6267 



CACGCCCTAGAAACCTG 



6268 



Waxy starch 
GBSS 

Triticum durum 

Lys52Term 

AAG-TAG 



CCCCGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
AGCGAGCGCCGCCCCGIAGCAAAGCCGGAAAGCGCACCGCGGG 
AGCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 



6269 



TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTnCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 
TCATGACGAGGGCCGCATCCGCCGGGTTCCGGGG 



6270 



CCGCCCCGIAGCAAAGC 



6271 



GCTTTGCTACGGGGCGG 



6272 



Waxy starch 
GBSS 

Triticum durum 

Gln53Term 

CAA-TAA 



CGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 

GAGCGCCGCCCCGAAGTAAAGCCGGAAAGCGCACCGCGGGAGC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 



6273 



CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCTTTCCGGCTTTACTTCGGGGCGGCGCTCGCTCCGATAG 
TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 



6274 



WO 01/92512 



159 



PCT/US01/17672 



Waxy starch 
GBSS 

Triticum durum 

Lys56Term 

IAAA-TAA 



CCCCGAAGIAAAGCCGG 



6275 



CCGGCTTTACTTCGGGG ~ 6276 

GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGCGAGCGCCGC I 6277 

CCCGAAGCAAAGCCGGTAAGCGCACCGCGGGAGCCGGCGGTGC 
CTCTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 



CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GCTCCCGCGGTGCGCTTACCGGCTTTGCTTCGGGGCGGCGCTCG 
CTCCGATAGTCCTCATGACGAGGGCCGCATCCGC 



AAAGCCGGTAAGCGCAC 



GTGCGCTTACCGGCTTT 



6278 



6279 



6280 



Waxy starch 
GBSS 

Triticum durum 

Cys64Term 

ITGC-TGA 



TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAMGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGCGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 



GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 

CGCACCACCATGGAGAGICACCGCCGGCTCCCGCGGTGCGCTTT 

CCGGCTTTGCTTCGGGGCGGCGCTCGCTCCGATA 



CGGCGGTGACTCTCCAT 



ATGGAGAGICACCGCCG 



6281 



6282 



6283 



6284 



Waxy starch 
GBSS 

Triticum turgidum 

Gln28Term 

CAG-TAG 



CAGCTCGCCACC TCCGG CACCGTCCTCGGCATCACCGACAGGTT 

CCGGCGTGCAGGTTTTTAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 

TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 



CAGGTTTTTAGGGTGTG 



CACACCCTAAAAACCTG 



6285 



6286 



6287 



6288 



I Waxy starch 
GBSS 

Triticum turgidum 

ILys52Term 

IAAG-TAG 



CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGIAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 



6289 



CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 
CCGCCCCGIAGCAACAA ' " 



6290 



6291 



TTGTTGCT ACGGGGCGG 



6292 



WO 01/92512 



PCT/US01/17672 



-160- 



10 



15 



20 



25 




Waxy starch 
GBSS 

Triticum turgidum 

Gln53Term 

CAA-TAA 



Waxy starch 
GBSS 

Triticum turgidum 

Gln54Term 

CAA-TAA 



CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 



TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 



CCCCGAAGTAACAAAGC 



GCTTTGTTACTTCGGGG 



AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 



CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 



CGAAGCAATAAAGCCGG 



CCGGCTTTATTGCTTCG 



Waxy starch 
GBSS 

Triticum turgidum 

Lys57Term 

AAA-TAA 



Waxy starch 
GBSS 

Aegilops speltoides 

GIn28Term 

CAG-TAG 



GATGCGCCGCTCGGCATGAGGACTACCGGAGCGAGCGCCGCCC 
CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 



CGGCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 
GGTCCCGCGGTGCGCTTACCGGCTTTGTTGCTTCGGGGCGGCGC 
TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 



AMGCCGGTAAGCGCAC 



GTGCGCTTACCGGCTTT 



CAGCTCGCCACCTCCGCCACCGTCCTCGGCATCACCGACAGGTT 

CCGCCATGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 



TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 



CAGGTTTCIAGGGCGTG 



CACGCCCTAGAAACCTG 



Waxy starch 
GBSS 

Aegilops speltoides 

Gly46Term 

GGA-TGA 



GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTCTGAGCGAGCGCCGCCCCGAAGCMCAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 



GGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGTTGCTTC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 



6293 



6294 



6295 



6296 



6297 



6298 



6299 



6300 



6301 



6302 



6303 



6304 



6305 



6306 



6307 



6308 



6309 



6310 



WO 01/92512 



161 



PCT/US01/17672 




Waxy starch 

Igbss 

\Aegilops speltoides 

Lys52Term 

IAAG-TAG 



CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCG 

GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCGATGGTGGTGCGCG 



CGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTGCGC 

TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGACAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 



CCGCCCCGIAGCAACAA 



TTGITGCTACGGGGCGG 



6313 



6314 



6315 



6316 



Waxy starch 
GBSS 

\Aegilops speltoides 

Gln53Term 

CAA-TAA 



CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAG 
CGAGCGCCGCCCCGAAGTAACAMGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCGATGGTGGTGCGCGCCA 



TGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGACAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 



CCCCGAAGTAACAAAGC 



GCTTTGTTACTTCGGGG 



6317 



6318 



6319 



6320 



[Waxy starch 
GBSS 

I Aegilops speltoides 

:Gln54Term 

CAA-TAA 



Waxy starch 
GBSS 

Oryza glaberrima 

GlnSTerm 

CAG-TAG 



AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCGATGGTGGTGCGCGCCACCG 



CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGA 
CAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 



CGAAGCAATAAAGCCGG 



GCAGCGACGACGGCGCCGACCTGTCAGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTTGTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 



CCACGTCCIAGCTCGCC 



GGCGAGCTAGGACGTGG 



6321 



6322 



6323 



CCGGCTTTATTGCTTCG [ 6324 

AGTGCAGAGATCTTCCACAGCAACAGCTAGACAACCACCATGTCG 6325 

GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 
CATCGCTGACAGGTCGGCGCCGTCGTCGCTGC 



6326 



6327 



6328 



WO 01/92512 



* 

PCT/US01/17672 



-162- 




Waxy starch 
GBSS 

Oryza glaberrima 

SerlZTerm 

TCG-TAG 



TCCACAGCAACAGCTAGACAACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAGG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT 



6329 



AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTTGTCTAGCTGTTGCTGTGGA 



6330 



CGCCACCTAGGCCACCG 



6331 



CGGTGGCCTAGGTGGCG 



6332 



10 



Waxy starch 
GBSS 

Oryza glaberrima 
Ser22T erm 
TCG-TAG 



CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGCAGCCCCGCCGG 



6333 



CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGGA 
GCAGCGACGACGGCGCCTACCTGTCAGCGATGCCGAAGCCGGTG 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 



6334 



TGACAGGTAGGCGCCGT 



6335 



ACGGCGCCTACCTGTCA 



6336 



15 



Waxy starch 
GBSS 

Oryza glaberrima 

Ser25Term 

TCG-TAG 



CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCT 

GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGTTCCAGG 

GCCTCAAGCCCCGCAGCCCCGCCGGCGGCGACGC 



6337 



GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACC 

CGTGGCGGAGCAGCGACTACGGCGCCGACCTGTCAGCGATGCC 

GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 



6338 



GGCGCCGTAGTCGCTGC 



6339 



GCAGCGACTACGGCGCC 



6340 



20 



25 



Waxy starch 
GBSS 

Oryza glaberrima 

Ser26Term 

TCG-TAG 



Waxy starch 
GBSS 

Oryza saliva 

Gln8Term 

CAG-TAG 



CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCTGAC 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGCAGCCCCGCCGGCGGCGACGCGAC 



6341 



GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGA 
ACCCGTGGCGGAGCAGCIACGACGGCGCCGACCTGTCAGCGATG 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 



6342 



GCCGTCGTAGCTGCTCC 



6343 



GGAGCAGCTACGACGGC 



6344 



TCCACAGCMGAGCTAAACAGCCGACCGTGTGCACCACCATGTCG 
GCTCTCACCACGTCCIAGCTCGCCACCTCGGCCACCGGCTTCGG 
CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 



6345 



GCAGCGACGACGGCGCCGACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTGCACACGGTCGGCTGTTTAGCTCTTGCTGTGGA 



6346 



WO 01/92512 



PCT/US01/17672 



-163- 





CCACGTCQIAGCTCGCC 



GGCGAGCTAGGACGTGG 



mm 

6347 



6348 



Waxy starch 
GBSS 

Oryzasativa 
JSer12Term 
TCG-TAG 



CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCCGACAGG 
TCGGCGCCGTCGTCGCTGCTTCGCCACGGGTT 



AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 

GCCGAAGCCGGTGGCCIAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTGCACACGGTCGGCTGTTTAG 



CGCCACCTAGGCCACCG 



CGGTGGCCTAGGTGGCG 



6349 



6350 



6351 



6352 



Waxy starch 
GBSS 

Oryza sativa 

Ser22Term 

ITCG-TAG 



CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCnC 

GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCTTCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 



CCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCIACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 



CGACAGGTAGGCGCCGT 



ACGGCGCCTACCTGTCG 



6353 



6354 



6355 



6356 



Waxy starch 
GBSS 

Oryzasativa 

Ser25Term 

ITCG-TAG 



CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCC 
GACAGGTCGGCGCCGTAGTCGCTGCTTCGCCACGGGTTCCAGGG 
CCTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 



GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACC 
CGTGGCGAAGCAGCGACTACGGCGCCGACCTGTCGGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 



GGCGCCGTAGTCGCTGC 



GCAGCGACTACGGCGCC 



6357 



6358 



6359 



6360 



j Waxy starch 
GBSS 

Oryza sativa 

|Ser26Term 

TCG-TAG 



CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGTAGCCCAGCCGGCGGGGACGCATC 



GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCTACGACGGCGCCGACCTGTCGGCGATGC 
CGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 



GCCGTCGTAGCTGCTTC 



GAAGCAGCTACGACGGC 



6361 



6362 



6363 



6364 



WO 01/92512 



PCT/US01/17672 



-164- 




Waxy starch 
GBSS 

Hordeum vulgare 

GlnffTerm 

CAG-TAG 



GTCTCTCACTGCAGGTAGCCACACCCTGTGCGCGGCGCCATGGC 
GGCTCTGGCCACGTCCIAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGATTCCGGCGTCCAGGTTTTC 



GAAAACCTGGACGCCGGAATCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 



CCACGTCCTAGCTCGCC 



GGCGAGCTAGGACGTGG 



6365 



6366 



6367 



6368 



10 



Waxy starch 
GBSS 

Hordeum vulgare 

Arg21Term 

AGA-TGA 



ATGGCGGCTCTGGCCACGTCCCAGCTCGCCACCTCCGGCACCGT 

CCTCGGCGTCACCGACTGATTCCGGCGTCCAGGTTTTCAGGGCCT 

CAGGCCCCGGAACCCGGCGGATGCGGCGCTTG 



CMGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 
CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 
AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 



TCACCGACTGATTCCGG 



CCGGAATCAGTCGGTGA 



6369 



6370 



6371 



6372 



15 



Waxy starch 
GBSS 

Hordeum vulgare 

Gln28Term 

CAG-TAG 



CAGCTCGCCACCTCCGGCACCGTCCTCGGCGTCACCGACAGATT 
CCGGCGTCCAGGTTTTTAGGGCCTCAGGCCCCGGAACCCGGCGG 
ATGCGGCGCTTGGTATGAGGACTATCGGAGCAA 



TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 
GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 



CAGG1 1 1 1 IAGGGCCTC 



GAGGCCCTAAAAACCTG 



6373 



6374 



6375 



6376 



20 



Waxy starch 
GBSS 

Hordeum vulgare 

Gly46Term 

GGA-TGA 



GGTTTTCAGGGCCTCAGGCCCCGGAACCCGGCGGATGCGGCGCT 

TGGTATGAGGACTATCTGAGCAAGCGCCGCCCCGAAGCAAAGCC 

GGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 



AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 
GGGGCGGCGCTTGCTCAGATAGTCCTCATACCAAGCGCCGCATC 
CGCCGGGTTCCGGGGCGTGAGGCCCTGAAAACC 



GGACTATCIGAGCAAGC 



GCTTGCTCAGATAGTCC 



6377 



6378 



6379 



6380 



25 



Waxy starch 
GBSS 

Hordeum vulgare 

Lys52Term 

AAG-TAG 



CCCCGGAACCCGGCGGATGCGGCGCTTGGTATGAGGACTATCGG 
AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 
AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 



TGGCGCTCACCACCACGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGTTCCGGGG 



6381 



6382 



WO 01/92512 



165 



PCT/US01/17672 



■■■■■11 

mmmmmmm 




■Hi 

>:Xwx-x<*x*x-x-X' 




CCGCCCCGIAGCAAAGC 


6383 


GCTTTGCTACGGGGCGG 


6384 


Waxy starch 
GBSS 
zea mays 
Gln8Term 
CAG-TAG 


ACGTCTTTTCTCTCTCTCCTACGCAGTGGATTAATCGGCATGGCGG 
CTCTGGCCACGTCGTAGCTCGTCGCMCGCGCGCCGGCCTGGGC 

b I OUObGAbGCGTCCACGTTCCGCCbubvaCG 


6385 


CGCCGCGGCGGAACGTGGACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGTTGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 

II AA 1 OUAO 1 bub 1 AbbAbAbAbAbAAAAbACGT 


6386 


CCACGTCGTAGCTCGTC 


6387 


GACGAGCTACGACGTGG 


6388 


Waxy starch 
GBSS 
Zea mays 
Gln30Term 
CAG-TAG 


GTCGCAACGCGCGCCGGCCTGGGCGTCCCGGACGCGTCCACGT 

TCCGCCGCGGCGCCGCGIAGGGCCTGAGGGGGGCCCGGGCGTC 

GGCGGCGGCGGACACGCTCAGCATGCGGACCAGCG 


6389 


CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 

GGCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGMCGTGGAC 

GUGTCCGGGACGCCCAGGCCGGCGCGCGTTGCGAC 


6390 


GCGCCGCGTAGGGCCTG 


6391 


CAGGCCCTACGCGGCGC 


6392 


Waxy starch 
GBSS 
zea /nays 
Ser38Term 
TCG-TAG 


TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 
GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 

^\^\^\ a AO A AAA AAA AAA AAAA AAA A A AA A ^\^\ A ^%^*\ a 

CGGACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 


6393 


TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCIACGCCCGGGCCCCCCTCAGGCCCTG 

bbOb\3LGbOGCboCGb7\ACGTGG7\CGCbTCCGGGA 


6394 


CCGGGCGTAGGCGGCGG 


6395 


CCGCCGCCIACGCCCGG 


6396 


Waxy starch 
GBSS 
Zea mays 
Ser57Term 
CAG-TAG 


GCGTCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGC 

GCGCGGCGCCCAGGCACTAGCAGCAGGCGCGCCGCGGGGGCA 

GGTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 


6397 


TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 
GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 
GTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGC 


6398 


CCAGGCACJAGCAGCAG 


6399 




CTGCTGCTAGTGCCTGG 


6400 



WO 01/92512 



-166 



PCT/USOl/17672 




il 



Waxy starch 
GBSS 
lea mays 
Gln58Term 
CAG-TAG 



TCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGCGCG 
CGGCGCCCAGGCACCAGTAGCAGGCGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCATGA 



mmmm 



6401 



TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGCGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 



6402 



GGCACCAGTAGCAGGCG 



6403 



CGCCTGCTACTGGTGCC 



6404 



WO 01/92512 



167 



PCT/US01/17672 



Example 11 
Altering fatty acid content of plants 

Improved means to manipulate fatty acid compositions, from biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated fatty acids are desired for dietary 
reasons and oils containing increased saturated fatty acids are also needed as alternatives to current 
sources of highly saturated oil products, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synthesize fatty acids, primarily palmitic, stearic and oleic acids, in the plastids 
p.e., chloroplasts, proplastids, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of paimitoyl-, stearoyl- and oleoyl-ACP. 

A variety of enzymes have been identified that influence the relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl earner protein (stearoyl-ACP) 
desaturase, oleoyl desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
precursors. Similarly, relative enzymatic activities of the various acyl-ACP thioesterases influences the 
relative acyl-chain composition of the resultant fatty acids. Consequently a reduction or an increase of the 
activity of these enzymes can alter the properties of oils produced in a plant In fact specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosynthesis. 



Table 22 

OGgonucleotides to produce plants with reduced palmitate 




Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
SerBTerm 
TCG-TAG 



TTTGGT6GCAGT6TCTTTGAACGCTTCATCTCCTCGTCATGGTGGC 
CACCTCTGCTACGTAGTCATTCTTTCCTGTACCATCTTCTTCACTT 
GATCCTAATGGAAAAGGCAATAAGATTGG 



CCMTCTTATTGCCTTTTCCATTAGGATCAAGTGAAGMGATGGTA 
CAGGAAAGAATGACTACGTAGCAGAGGTGGCCACCATGACGAGG 
AGATGAAGCGTTCAAAGACACTGCCACCAAA 



6405 



6406 



WO 01/92512 



168 



PCT/US01/17672 



immmmmm i 






mmm 

iiHi 




TGCTACGTAGTCATTCT 


6407 




AGAATGACTACGTAGCA 


6408 


Reduced oalmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 


GGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGCCA 

CCTCTGCTACGTCGTGATTCTTTCCTGTACCATCTTCTTCACTTGAT 

CCTAATGGAAAAGGCAATAAGATTGGGTC 


6409 


Ser9Term 
TCA-TGA 


GACCCAATCTTATTGCCTTTTCCATTAGGATCAAGTGAAGAAGATG 

GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

GGAGATGAAGCGTTCAAAGACACTGCCACC 


6410 




TACGTCGTGATTCTTTC 


6411 




GAAAGAATCACGACGTA 




Reduced oalmitate 

1 \wUUWwU l/BII 1 IHHw 

Acyl-ACP-thioesterase 
Arabidopsis thaliana 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTCTTTCC 

TGTACCAtCTTCTTGACTTGATCCTAATGGAAAAGGCAATAAGATT 

GGGTCTACGAATCTTGCTGGACTCAATTC 


6413 


Ser17Term 
TCA-TGA 


GMTTGAGTCCAGCAAGATTCGTAGACCCAATCTTATTGCCTTTTC 
CATTAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAGCAGAGGTGGCCACCATGACGAGGAGAT 


6414 




ATCTTCTTG ACTT GATC 


6415 




GATCAAGTCAAGAAGAT 


6416 


Reduced oalmitate' 

Acyl-ACP-thioesterase 
Arabidopsis thaliana 


GTGGCCACCTCTGCTACGTCGTCATTCTTTCCTGTACCATCTTCTT 
CACTT GATCCTAATTGAAAAGGCAATAAGATTGGGTCTACGAATCT 
TGCTGGACTCAATTCTGCACCTAACTCTG 


6417 


Gly22Term 
GGA-TGA 


CAGAGTT AGGTGCAGMTTGAGTCCAGCMGATTCGT AGACCCAA 
TCTrATTGCCTTTTCAATTAGGATCAAGTGAAGAAGATGGTACAGG 
AAAGAATGACGACGTAGCAGAGGTGGCCAC 


6418 




ATCCTAATTGAAAAGGC 


6419 




GCCTTTTCAATTAGGAT 




Reduced oalmitate 

Acyl-ACP-thioesterase 
Garcinia mangostana 


GCTI'GAATTTGTGATCTGATTGGl 1 AATTGTGGCCACAATGGTTGC 
TACTGCCGCCACGTGATCAnCTTTCCGTTGACTTCCCCTTCTGGG 
GATGCCAAATCGGGCAATCCCGGAAAAGG 


6421 


Ser8Term 
TCA-TGA 


CCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAAGTC 

AACGGAAAGAATGATCACGTGGCGGCAGTAGCAACCATTGTGGCC 
ACAATTAACCAATCAGATCACAAATTCAAGC 


6422 

• 




CGCCACGTGATCATTCT 


6423 




AGAATGATCACGTGGCG 


6424 



WO 01/92512 



169 



PCT/US01/17672 



Reduced paimitate 
| Acyl-ACP-thioesterase 
Gartinia mangostana 
Ser9Term 
ITCA-TGA 



TGAATTTGTGATCTGATTGGTT AATTGTGGCCACAATGGTTGCTAC 
TGCCGCCACGTCATfiAnCTTTCCGTTGACTTCCCCnCTGGGGAT 
GCCAAATCGGGCAATCCCGGAAAAGGGTC 



GACCCTT7TCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAA 

GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCAACCATTGTG 
GCCACAATTAACCAATCAGATCACAAATTCA 



CACGTCATGATTCTTTC 



GAAAGAATCATGACGTG 



Reduced paimitate 
| Acyl-ACP-thioesterase 
Gartinia mangostana 
Leu13Term 
ITTG-TAG 



6425 



CTGATTGGTTAA'n'GTGGCCACAATGGTTGCTACTGCCGCCACGT 

CATCATTCTTTCCGTAGACTTCCCC7TCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAGTTTTGG 



CCAAMCTCACCGACCCTTTTCCGGGATTGCCCGATTTGGCATCC 
CCAGAAGGGGAAGTCIACGGAMGAATGATGACGTGGCGGCAGT 
AGCAACCATTGTGGCCACAATTAACCAATCAG 



CTTTCCGTAGACTTCCC 



GGGAAGTCTACGGAAAG 



Reduced paimitate 
| Acyl-ACP-thioesterase 
Gartinia mangostana 
|Lys21Term 
IAAA-TAA 



ATGGTTGCTACTGCCGCCACGTCATCATTCTTTCCGTTGACTTCCC 

CTTCTGGGGATGCCTAATCGGGCAATCCCGGAAAAGGGTCGGTG 
AGTTTTGGGTCAATGAAGTCGAAATCCGCGG 



CCGCGGATTTCGACTTCATTGACCCAAAACTCACCGACCCTTTTCC 

GGGATTGCCCGATTAGGCATCCCCAGAAGGGGAAGTCAACGGAA 
AGAATGATGACGTGGCGGCAGTAGCAACCAT 



GGGATGCCTAATCGGGC 



GCCCGATTAGGCATCCC 



Eeducea paimii 
| Acyl-ACP-thioesterase 
Gossypium hirsutum 
SerfJTerm 
ITCG-TAG 



Reduced paimitate 
|Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser16Term 
ITCA-TGA 



"GC 

TACTGCTGTGACATAGGCGTTTTTCCCAGTCACTTCTTCACCTGAC 
TCCTCTGACTCGAAAAACMGAAGCTCGG 



CCGAGCTTCTTGTTTTTCGAGTCAGAGGAGTCAGGTGAAGAAGTG 

ACTGGGAAAMCGCCIATGTCACAGCAGTAGCMCCATGGTTTTTA 
AAAACAACTTCAATTTCGTGCTGAAATCCC 



rGTGACATAGGCGTTTT 



AAAACGCCTATGTCACA 

ibi 1 1 1 1/WVVACCATGGTTGCTACTGCTGTGACATCGGCGTTtTT 
CCCAGTCACTTCTTGACCTGACTCCTCTGACTCGAAAAACAAGMG 
CTCGGAAGCATCMGTCGAAGCCATCGGT 



6426 



ACCGATGGCnCGACTTGATGCnCCGAGCTTCTTGTTTTTCGAGT 

CAGAGGAGTCAGGTCAAGAAGTGACTGGGAAAAACGCCGATGTCA 
CAGCAGTAGCAACCATGGTTTTTAAAAAnA 



6427 



6428 



6429 



6430 



6431 



6432 



6433 



6434 



6435 



6436 



6438 



6439 



6440 
TO 



6442 



WO 01/92512 



PCT/US01/17672 



-170- 



i^iilllsp 




CACTTCTTGACCTGACT 



AGTCAGGTCAAGAAGTG 



6443 



6444 



Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser22Term 
TCG-TAG 



TTGCTACTGCTGTGACATCGGC m 1 1 1 1 CCCAGTCACTTCTTCACC 
TGACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
GAAGCCATCGGTTTCTTCTGGAAGTTTGCA 



TGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCCGA 
GCTTCTTGI 1 1 1 1 CTAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
GAAAAACGCCGATGTCACAGCAGTAGCAA 



CTCTGACTAGAAAAACA 



TGTTTTTCTAGTCAGAG 



6445 



6446 



6447 



6448 



10 



Reduced palmitate 
Acyl-ACP-thioeste rase 
Gossypium hirsutum 
Lys23Term 
AAA-TAA 



GCTACTGCTGTGACATCGGCGTTTTTCCCAGTCACTTCTTCACCTG 

ACTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCMGTCGA 

AGCCATCGGTTTCTTCTGGAAGTTTGCAAG 



CTTGCAMCTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCC 

GAGCTTCTTGTTTTACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 

TGGGAAAAACGCCGATGTCACAGCAGTAGC 



CTGACTCGIAAAACAAG 



CTTGTTTTACGAGTCAG 



6449 



6450 



6451 



6452 



15 



Reduced palmitate 
Acyi-ACP-thioesterase 
Cuphea hookeriana 
Ser14Term 
TCG-TAG 



CTCCCGCTCGTTGAAAGACAATGGTGGCTACCGCTGCAAGCTCTG 
CATTCTTCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
AGCCCGGAAATGGGTCATCGAGCTTCAGCCC 



GGGCTGMGCTCGATGACCCATTTCCGGGCTTTCCTGGTCTAGAG 
GAGGTGACCGGGGACIACACGGGGAAGMTGCAGAGCTTGCAGC 
GGTAGCCACCATTGTCTTTCAACGAGCGGGAG 



CCCCGTGTAGTCCCCGG 



CCGGGGACTACACGGGG 



W53 



6454 



6455 



6456 



20 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Arg21Temi 
AGA-TGA 



ATGGTGGCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCC 
CCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 
AGCTTCAGCCCCATCAAGCCCAAATTTGTCG 



CGACAMTTTGGGCTTGATGGGGCTGMGCTCGATGACCCATTTC 
CGGGCTTTCCTGGTCAAGAGGAGGTGACCGGGGACGACACGGG 
GMGAATGCAGAGCTTGCAGCGGTAGCCACCAT 



CCTCCTCTTGACCAGGA 



TCCTGGTCAAGAGGAGG 



6457 



6458 



6459 



6460 



WO 01/92512 



PCT/US01/17672 



- 171 - 



10 



15 



20 




Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Gly23Term 
GGA-TGA 



GCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
ACCTCCTCTAGACCAIGAAAGCCCGGAAATGGGTCATCGAGCTTC 
AGCCCCATCAAGCCCAAATTTGTCGCCAATG 



6461 



CATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACC 

CATTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 

ACGGGGAAGAATGCAGAGCTTGCAGCGGTAGC 



6462 



CTAGACCATGAAAGCCC 



6463 



GGGCTTTCATGGTCTAG 



6464 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys24Term 
AAG-TAG 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly23Term 
GGA-TGA 



ACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTCACC 
TCCTCTAGACCAGGATAGCCCGGAAATGGGTCATCGAGCTTCAGC 
CCCATCAAGCCCAAATTTGTCGCCAATGGCG 



6465 



CGCCATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATG 

ACCCATTTCCGGGCTATCCTGGTCTAGAGGAGGTGACCGGGGAC 

GACACGGGGAAGAATGCAGAGCTTGCAGCGGT 



6466 



GACCAGGATAGCCCGGA 



6467 



TCCGGGCTATCCTGGTC 



6468 



GCCACCGCTGCAAGTTCTGCA7TCTTCCCCCTGCCGTCCCCGGAC 
ACCTCCTCTAGGCCGTGAAAGCTCGGAAATGGGTCATCGAGCTTG 
AGCCCCCTCAAGCCCAAATTTGTCGCCMTG 



Wffl 



CATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGATGACC 
CATTTCCGAGCTTTCACGGCCTAGAGGAGGTGTCCGGGGACGGC 
AGGGGGAAGAATGCAGAACTTGCAGCGGTGGC 



6470 



CTAGGCCGTGAAAGCTC 



6471 



GAGCTTTCACGGCCTAG 



6472 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Lys24Term 
AAG-TAG 



ACCGCTGCMGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACC 
TCCTCTAGGCCGGGATAGCTCGGAAATGGGTCATCGAGCTTGAGC 
CCCCTCAAGCCCAAATTTGTCGCCAATGCCG 



CGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGAT 
GACCCATTTCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 
CGGCAGGGGGMGAATGCAGAACTTGCAGCGGT 



GGCCGGGATAGCTCGGA 



TCCGAGCTATCCCGGCC 



6473 



6474 



6475 



6476 



25 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly26Term 
GGA-TGA 



GCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCT 
AGGCCGGGAAAGCTCTGAAATGGGTCATCGAGCTTGAGCCCCCT 
CAAGCCCAAATTTGTCGCCAATGCCGGGTTGA 



TCAACCCGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGC 
TCGATGACCCATTTCAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 
GGGACGGCAGGGGGAAGAATGCAGAACTTGC 



6477 



6478 



WO 01/92512 



172 



PCT/US01/17672 







Static 




GAAAGCTCTGAAATGGG 


6479 


CCC ATTTCAGAGCTTT C 


6480 


Reduced palmitate 
Acyl-ACP-thioesterase 
ujpnes lanceoiata 
Ser29Term 
TCA-TGA 


CATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCTAGGCCGGGAA 
AGCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 

1 lulCuUUAAIuULubbl luAAobi lAAbbL. 


6481 


GCCTTAACCTTCAACCCGGCATTGGCGACAAATTTGGGCTTGAGG 
GGGCTCAAGCTCGAT£ACCCATTTCCGAGCTTTCCCGGCCTAGAG 
GAGGTGTCCGGGGACGGCAGGGGGAAGAATG 


6482 


AAATGGGTGATCGAGCT 


6483 


AGCTCGATCACCCATTT 


6484 


Reduced palmitate 
Acyl-ACP-thioesterase 
Heliantnus annuus 
Ser9Term 
TCG-TAG 


CGTTTAAGTGGATCGGACATTTAAG 1 G 1 1 1 1 AA 1 CATGGTAGCTAT 
GAGTGCTACTGCGTAGCTGTTTCCGGTTTCTTCCCCAAAACCTCA 
C 1 U 1 GbAGCC AAbACAT CI GA 1 AAGU 1 1 GG 


— ftiflg — 


CCMGCnATCAGATGTCTTGGCTCCAGAGTGAGGTTTTGGGGAA 
GaAACCGGAAACAGCIACGCAGTAGCACTCATAGCTACCATGATT 

AAA A^A/VTTA A ATW/W^AT/V^ArTTA A A 

AAAACACTTAAATtarCCGATCCAurTAAACG 


6486 


TACTGCGTAGCTGTTTC 


6487 


GAAACAGCTACGCAGTA 


6488 


Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys17Term 
AAA-TAA 


AGIGI 1 1 IAAIGAIGGIAGCIAIGAGIGCIACIGCGICGCIUI 1 IC 
CGGTTTCTTCCCCATAACCTCACTCTGGAGCCAAGACATCTGATAA 
GCTTGGAGGTGAACCAGGTAGTGTTGCTG 


6489 


CAGCAACACTACCTGGTTCACCTCCAAGCTTATCAGATGTCTTGGC 

TCCAGAGTGAGGTTATGGGGAAGAAACCGGAAACAGCGACGCAG 

TAGCACTCATAGCTACCATGATTAAAACACT 


6490 


CTTCCCCAIAACCTCAC 


6491 


GTGAGGTTATGGGGAAG 


6492 


Reduced palmftate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Gly21Term 
GGA-TGA 


ATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCC 
CAAAACCTCACTCTrGAGCCAAGACATCTGATAAGCTTGGAGGTGA 
ACCAGGTAGTGTTGCTGTGCGCGGAATCA 


6493 


TGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTTATC 
AGATGTCTTGGCTCAAGAGTGAGGTTTTGGGGAAGAAACCGGAAA 
CAGCGACGCAGTAGCACTCATAGCTACCAT 


6494 


CTCACTCTTGAGCCAAG 


6495 


CTTGGCTCAAGAGTGAG 


6496 



WO 01/92512 



PCT/US01/17672 



-173- 





Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys23Term 
IMG-TAG 



Reduced palmitate 
| Acyl-ACP-thioesterase 
Cuphea palustris 
Lys21Term 
lAAA-TAA 



GCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCCCAAAAC 
CTCACTCT GGAGCCTAGACATCT GATAAGCTTGGAGGTGAACCAG 
GTAGTGTTGCTGTGCGCGGAATCAAGACAA 



TTGTCTTGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 

CTTATCAGATGTCTAGGCTCCAGAGTGAGGTTTTGGGGAAGAAAC 

CGGAAACAGCGACGCAGTAGCACTCATAGC 



CTGGAGCCIAGACATCT 



AGATGTCTAGGCTCCAG 



AIGGI GGC I GCTGCAGCAAGTTC rGCATGCTTCCC I GTTCCATCC 

CCAGGAGCCTCCCCTTAACCTGGGAAGTTAGGCAACTGGTCATCG 
AGTTTGAGCCCTTCCTTGAAGCCCAAGTCAA 



6497 



TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACTTCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAGCATGCAGAACTTGCTGCAGCAGCCACCAT 



CCTCCCCTTAACCTGGG 



CCCAGGTTAAGGGGAGG 



6498 



6499 



6500 



b50T 



6502 



6503 



6504 



Reduced palmitate 
| Acyl-ACP-thioesterase 
Cuphea palustris 
Lys24Tenm 
IAAG-TAG 



GCTGCAGCAAGTTCTGCATGCTTCCCTGTTCCATCCCCAGGAGCC 
TCCCCTAMCCTGGGTAGTTAGGCAACTGGTCATCGAGTTTGAGC 
CCTTCCTTGAAGCCCAAGTCAATCCCCAATG 



CATTGGGGATTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 

ACCAGTTGCCTAACTACCCAGGTTTAGGGGAGGCTCCTGGGGATG 

GAACAGGGAAGCATGCAGAACTTGCTGCAGC 



AACCTGGGTAGTTAGGC 



GCCTAACTACCCAGGTT 



6505 



6506 



6507 



6508 



Reduced palmitate 
| Acyl-ACP-thioesterase 
Cuphea palustris 
|Trp28Term 
ITGG-TGA 



TGCATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGG 
GAAGTTAGGCAACTGATCATCGAGTTTGAGCCCTTCCTTGAAGCC 
CAAGTCAATCCCCAATGGCGGATTTCAGGTT 



AACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAAGG 
GCTCAMCTCGATGATCAGTTGCCTAACTTCCCAGGTTTAGGGGA 
GGCTCCTGGGGATGGAACAGGGAAGCATGCA 



GGCAACTGATCATCGAG 



CTCGATGATCAGTTGCC 



6509 



6510 



6511 



6512 



Reduced palmitate 
| Acyl-ACP-thioesterase 
Cuphea palustris 
JSer29Term 
TCA-TGA 



CATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCMCTGGTGATCGAGTTTGAGCCCTTCCTTGAAGCCCA 
AGTCAATCCCCAATGGCGGATTTCAGGTTAA 



TTAACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTCAAACTCGATCACCAGTTGCCTAACTTCCCAGGTTTAGGG 
GAGGCTCCTGGGGATGGAACAGGGAAGCATG 



6513 



6514 



WO 01/92512 



174 



PCT/US01/17672 




CAACTGGTGATCGAGTT 



AACTCGATCACCAGTTG 



6515 



6516 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys21Term 
AAA-TAA 



ATGGTGGCTGCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACC 
CCGGGAATCTCCCCTrAACCCGGGAAGTTCGGTAATGGTGGCTTT 
CAGGTTAAGGCAAACGCCAATGCCCATCCTA 



TAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCCACCATTAC 
CGAACTTCCCGGGTTAAGGGGAGATTCCCGGGGTTGGAACGGAG 
AAGAATGCAGAACTTGCTGCGGCAGCCACCAT 



TCTCCCCTTAACCCGGG 



CCCGGGTTAAGGGGAGA 



6517 



6518 



6519 



6520 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys24Term 
MG-TAG 



GCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACCCCGGGAATC 
TCCCCTAAACCCGGGT AGTTCGGTAATGGTGGCTTTCAGGTTAAG 
GCAAACGCCAATGCCCATCCTAGTCTAAAGT 



ACTTTAGACTAGGATGGGCATTGGCGTTTGCCTTAACCTGAMGCC 
ACCArTACCGMCTACCCGGGTTTAGGGGAGATTCCCGGGGTTGG 
AACGGAGAAGAATGCAGAACTTGCTGCGGC 



AACCCGGGTAGTTCGGT 



ACCGAACTACCCGGGTT 



6521 



6522 



6523 



6524 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
GIn31Term 
CAG-TAG 



TrCTCCGTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTC 
GGTAATGGTGGCTTTIAGGTTAAGGCAAACGCCAATGCCCATCCT 

AGTCTAAAGTCTGGCAGCCTCGAGACTGAAG 



CTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGGCATTGG 
CGTTTGCCTTMCCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGATTCCCGGGGTTGGAACGGAGAA 



GTGGCTTTTAGGTTAAG 



CTTAACCTAAAAGCCAC 



6525 



6526 



6527 



6528 



Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys33Term 
AAG-TAG 



GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 
GGTGGCTTTCAGGTTTAGGCAAACGCCAATGCCCATCCTAGTCTA 
AAGTCT GGC AGCCTCGAGACTGAAGATGAC A 



TGTCATCTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGG 
CATTGGCGTTTGCCTAAACCTGAAAGCCACCATrACCGAACTTCCC 
GGGTTT AGGGGAGATTCCCGGGGTTGGAAC 



6529 



6530 



TTCAGGnTAGGCAAAC 



6531 



GTTTGCCTAAACCTGAA 



6532 



WO 01/92512 



175 



PCT/US01/17672 




wmm 



teaucea pi 
I Acyl- ACP-thioesterase 
j Brass ica rapa 
Gln21Term 
ICAA-TAA 



JTCTCGTGTAATGCG AC I GAI AAG TT ACAGACCC T C T 
TCTCGCATTCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 
CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 



GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTMCT 
TATCAGTCGCATTACACGAGAGCTTCAACAT 



ATTCTCATTAACCGGAT 



ATCCGGTTAATGAGAAT 



B3T 



6534 



6535 



6536 



Reduced palmitate 

|Acyl-ACP-thioesterase 

Brassicarapa 

|Arg28Tenn 

AGA-TGA 



GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 
ATCCGGCACACCGGIGMCCGTCTCCTCCGTGTCGTGCTCTCATC 
TGAGGAAACCGGTTCTCGATCCTTTGCGAG 



CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGTTCACCGGTGTGCCGGATCCGGTTGATGAGAA 
TGCGAGAAGAGGGTCTGTAACTTATCAGTCGC 



CACACCGGTGAACCGTC 



GACGGTTCACCGGTGTG 



6537 



6538 



6539 



6540 



Reduced palmitate 
| Acyl-ACP-thioesterase 
Brassica rapa 
Ser24Term 
ITCG-TAG 



CCCTCTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 
ATCCTTTGCGAGCGATCGTATCTGCTGATCA 



TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACTACACGGAGGAGACGGTTCTCCGGTGTGC 
CGGATCCGGTTGATGAGAATGCGAGAAGAGGG 



CTCCGTGTAGTGCTCTC 



GAGAGCACJACACGGAG 



6541 



6542 



6543 



6544 



Reduced palmitate 
| Acyl-ACP-thioesterase 
Brassicarapa 
Cys25Term 
ITGC-TGA 



CTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAACCGT 

CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
TTTGCGAGCGATCGTATCTGCT GATCAAGGA 



TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGG 
TTTCCTCAGATGAGATCACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGTTGATGAGAATGCGAGAAG 



GTGTCGTGATCTCATCT 



AGATGAGATCACGACAC 



6545 



6546 



6547 



6548 



[educed palmitate 
I Acyl-ACP-thioesterase 
\Brassica napus 
LeuZTerm 
ITTG-TAG 



A 1 1 CI rCTTCTAl AAACCAAAACC I CAGGAACCA T AAAAAAAAAAGG 

GCATCAAAAATGTAGAAGCTTTCGTGTAATGTGACTAACAACTTAC 

ACACCTTCTCCTTCnCTCCGAnCCTC 



GAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCACA 

TTACACGAAAGCTTCTACATmTGATGCCC 1 1 1 1 1 1 1 1 1 I A TGGTTC 
CTGAGGTTTTGGTTTATAGAAGAAGAAT 



6550 



WO 01/92512 



176 



PCT/US01/17672 




AAAAATGTAGAAGCTTT 



6551 



AAAGC7TCTACATTTTT 



6552 



Reduced palmitate 
Acyt-ACP-thioesterase 
Brassica napus 
Lys3Term 
AAG-TAG 



TCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGG 

CATCAAAAATGTTGIAGCTTTCGTGTAATGTGACTAACAACTTACAC 

ACCTTCTCCTrCTTCTCCGATTCCTCCC 



6553 



GGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCA 
CATTACACGAAAGCTACAACATTTTTGATGCCC 1 1 II 1 1 1 1 1 IA TGG 
TTCCTGAGGTTTTGGTTTATAGAAGAAGA 



6554 



AAATGTTGTAGCTTTCG 



6555 



CGAAAGCTACAACATTT 



6556 



Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
SerSTerm 
TCG-TAG 



CTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAA 

AATGTTGAAGCTTTAGTGTAATGTGACTAACMCTTACACACCTTCT 

CCTTCTTCTCCGATTCCTCCCTTTTCAT 



6557 



ATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGT AAGTTG 
TTAGTCACATTACACTAAAGCTTCAACATTTTTGATGCCC 1 1 1 1 1 1 1 1 
TTATGGTTCCTGAGGTTTTGGTTTATAG 



6558 



GAAGCTTTAGTGTAATG 



6559 



CATTACACIAAAGCTTC 



6560 



Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Cys6Term 
TGT-TGA 



AAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAAAATG 
TTGMGCTTTCGTGAAATGTGACTAACMCTTACACACCTTCTCCTT 

CTTCTCCGATTCCTCCCTTTTCATCCCG 



6561 



CGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTG TTAGTCACATnCACGAMGCnCMCATTTTTGATGCCCTT 
1 1 1 1 1 1 1 1 ATGGTTCCTGAGGTTTTGGTTT 



6562 



CTTTCGTGAAATGTGAC 



6563 



GTCACATTTCACGAAAG 



6564 



WO 01/92512 PCT/US01/17672 

-177- 



Table23 

Oligonucleotides to produce plants with increased stearate 



10 



15 



20 



25 





! Increased stearate 

jstearoyl-ACP 

desaturase 

\ Arabidopsis thaliana 

Lys4Term 

AAG-TAG 




GGGAGAGCTCTAGCTCTGTAGAAAAGAAGGATTCATTCATCATATC 
CAGAMTGGCTCTATAGTTTMCCCTTTGGTGGCATCTCAGCCTTA 
CAAATTCCCTTCCTCGACTCGTCCGCCAA 

TTGGCGGACGAGTCGAGGAAGGGAATTTGTAAGGCTGAGATGCCA 

CCAAAGGGTTAAACTATAGAGCCATTTCTGGATATGATGAATGAAT 

CCTTCTTTTCTACAGAGCTAGAGCTCTCCC 



TGGCTCTATAGTTTAAC 



Increased stearate 
Istearoyl-ACP 
desaturase 
| Arabidopsis thaliana 
Leu8Term 
ITTG-TAG 



GTTAAACTATAGAGCCA 

CTCTGTAGAAAAGMGGATTCATTCATCATATCCAGAAATGGCTCT 

AMGTTTMCCCTTAGGTGGCATCTCAGCCTTACAAA7TCCC"rTCC 
TCGACTCGTCCGCCAACTCCTTCTTTCAG 



6565 



6566 



CTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAAGGGAATTTGTAA 

GGCTGAGATGCCACCIMGGGTTAAACTTTAGAGCCATTrCTGGAT 
ATGATGAATGAATCCTT CTTTTCTAC AGAG 



TAACCCTTAGGTGGCAT 



ATGCCACCIAAGGGTTA 



Increased stearate 

stearoyl-ACP 

desaturase 

| Arabidopsis foaliana 

Gln12Term 

CAG-TAG 



Increased stearate 
Istearoyl-ACP 
I desaturase 
| Arabidopsis thaliana 
Phe14Term 
ITAC-TAG 



AGMGGATTCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACC 

CTTTGGTGGCATCTTAGCCTTACAAATTCCCTTCCTCGACTCGTCC 
GCCAACTCCTTCTTTCAGATCTCCCAAGT 



ACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAA 

GGGMTnGTMGGCTAAGATGCCACCAMGGGTTAAACTTTAGAG 
CCATTTCTGGATATGATGAATGMTCCTTCT 



rGGCATCTTAGCCTT AC 



GTAAGGCTAAGATGCCA 



TCATTCATCATATCCAGAAATGGCTCTAAAGTTTAACCCTTTGGTG 

GCATCTCAGCCTTAGAAATTCCCTTCCTCGACTCGTCCGCCAACTC 
CTTCTTTCAGATCTCCCAAGTT CCTCTGC 



GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAG 
TCGAGGAAGGGAATTTCTAAGGCTGAGATGCCACCAAAGGGTTAA 
ACTTT AGAGCCATTTCTGGATATGATGAATGA 



CAGCCTTAGAAATTCCC 



GGGAATTTCTAAGGCTG 



6567 



6568 
6569 



6570 



6571 



6572 
6573 



6574 



6575 



6576 



6577 



6578 



6579 



6580 



WO 01/92512 



PCT/US01/17672 



-178- 




Increased 
stearoyt-ACP 
desaturase 
Brassica napus 
Leu3Term 
TTG-TAG 



GAGAGC1CGCTCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAA 
AMGAAAATGGCATAGAAGCTTAACCCTn'GGCATCTCAGCCTTAC 
AAACTCCCTTCCTCGGCTCGTCCGCCAAT 



ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGTTAAGCTTCIATGCCAl 1 1 1 CI 1 1 1 1 1 1 1 GATACGAGGTT 
TGATGTTCTTTCAGACACGAGCGAGCTCTC 



AATGGCATAGAAGCTTA 



TAAGCTTCTATGCCATT 



"B58T 



6582 



6583 



6584 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Lys4Term 

AAG-TAG 



GAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAAAA 
AGAAAATGGCATTGTAGCTTAACeCTTTGGCATCTCAGCCTTACAA 
ACTCCCTTCCTCGGCTCGTCCGCCMTCT 



AGATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGAT 
GCCAAAGGGTTAAGCTACAATGCCATTTTC 1 1 1 1 1 1 1 1 GATACGAG 
GTTTGATGTTCTTTCAGACACGAGCGAGCTC 



TGGCATTGT AGCTTAAC 



GTTAAGCTACAATGCCA 



6585 



6586 



6587 



6588 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

LeuSTerm 

TTG-TAG 



TCTGAAAGAACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATT 

GMGCnMCCCTTAGGCATCTCAGCCTTACAAACTCCCTTCCTCG 

GCTCGTCCGCCAATCTCTACTCTCAGATC 



GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAGTTT 
GT AAGGCTGAGATGCCTAAGGGTTMGCTTCAATGCCA 1 1 1 1 CI 1 1 
TTTTTGATACGAGGTTTGATGTTCTTTCAGA 



TMCCCTTAGGCATCTC 



GAGATGCCTAAGGGTTA 



6589 



6590 



6591 



6592 



Increased stearate 
stearoyl-ACP 
desaturase 
Brassica napus 
Gln1 ITerm 
CAG-TAG 



AACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATTGAAGCTTAA 
CCCTTTGGCATCTTAGCCTTACAAACTCCCTTCCTCGGCTCGTCCG 
CCAATCTCTACTCTCAGATCTCCCAAGT 



ACTTGGGAGATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGTTAAGCTTCAATGCC 
ATTTTC 1 1 1 1 1 1 1 1 GATACGAGGTTTGATGTT 



TGGCATCTTAGCCTTAC 



GTAAGGCTAAGATGCCA 



6593 



6594 



6595 



6596 



increased stearate 
stearoyl-ACP 
desaturase 
Ricinus communis 
Gln27Term 
:aa-taa 



AACCAAAAGAAAAAGGTMGAAAAAAAACAATGGC I C I CAAGCTCA 
ATCCTTTCCTTTCnAAACCCAAAAGTTACCTTCTTTCGCTCTTCCA 
CCAATGGCCAGT ACCAGATCTCCTAAGT 



ACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGAAG 
GTMCTrrTGGGTTTAAGAMGGAAAGGATTGAGCTTGAGAGCCAT 
TGI 1 1 1 1 1 1 1 CTTACCTTTTTCTTTTGGTT 



6598 



WO 01/92512 



179 



PCT/US01/17672 




TCCTTTCTTAAACCCAA 



6599 



TTGGGTTTAAGAAAGGA 



6600 



Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Gln29Term 

CAA-TAA 



AAGAAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTT 
TCCTTTCTCAAACCTAAAAGTTACCTTCTTTCGCTCTTCCACCAATG 
GCCAGTACCAGATCTCCTAAGTTCTACA 



6601 



TGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGA 

MGMGGTMCTT1TAGGTTTGAGAAAGGAAAGGATTGAGCTTGAG 
AGCCATTG 1 1 1 1 1 1 1 1 CTTACCTTTTTCTT 



6602 



CTCAAACCTAAAAGTTA 



TAACTnTAGGTTTGAG 



6603 



6604 



Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Lys30Term 

IAAG-TAG 



AAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTTTCC 

TTTCTCAMCCCMTAGnACCTTCTTTCGCTCTTCCACCAATGGC 
CAGTACCAGATCTCCTAAGTTCTACATGG 



CCATGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAG 
C GAAAGAAGGTAACTATTGGGTTTGAGAAAGGAAAGGATTGAGCT 
TGAGAGCCATTG 1 1 1 1 1 1 1 1 CTTACCTTTTT 



AAACCCAATAGTTACCT 



(Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Lys46Tenm 

IAAG-TAG 



AGGTAACTATTGGGTTT 

TCTCAAACCCAAAAGTTACCTTCTrTCGCTCTTCCACCAATGGCCA 
GTACCAGATCTCCTTAGTTCTACATGGCCTCTACCCTCAAGTCTGG 
TTCTAAGGAAGTTGAGAATCTCAAGAAGC 



GCTTCTTGAGATTCTCAACTTCCTTAGAACCAGACTTGAGGGTAGA 
GGCCATGTAGAACTAAGGAGATCTGGTACTGGCCATTGGTGGAAG 
AGCGAAAGAAGGTAACTTTTGGGTTTGAGA 



GATCTCCTTAGTTCTAC 



GTAGAACTAAGGAGATC 



6605 



6606 



6607 



6608 
6609 



6610 



6611 



6612 



increased stearate 

[stearoyl-ACP 

desaturase 

Glycine max 

|Gln11Term 

CAA-TAA 



I CI ICTGATTCAI 1 1 AAI CTTTAC1 CA T CAA T GGC T C I' GAGAC T GAA 
CCCTATCCCCACCIAAACCnCTCCCTCCCCCAAATGGCCAGTCT 
CAGATCTCCCAGGTTCCGCATGGCCTCTA 



TAGAGGCCATGCGGAACCTGGGAGATCTGAGACTGGCCATTTGG 
GGGAGGGAGAAGGTTTAGGTGGGGATAGGGTTCAGTCTCAGAGC 
CATTGATGAGTAAAGATTAAATGAATCAGAAGA 



TCCCCACCIAAACCTTC 



GAAGGTTTAGGTGGGGA 



6613 



6614 



6615 



6616 



WO 01/92512 



180 



PCT/US01/17672 




M£2 



Increased stearate 

stearoyl-ACP 

clesaturase 

Glycine max 

Gln17Term 

CAA-TM 



CTTTACTCATCAATGGCTCTGAGACTGAACCCTATCCCCACCCAM 

CCTTCTCCCTCCCCIAAATGGCCAGTCTCAGATCTCCCAGGTTCC 

GCATGGCCTCTACCCTCCGCTCCGGTTCCA 



TGGAACCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 

CTGAGACTGGCCATTTAGGGGAGGGAGAAGGTTTGGGTGGGGAT 

AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 



CCCTCCCCTAAATGGCC 



GGCCATTTAGGGGAGGG 



6617 



6618 



6619 



6620 



10 



15 



Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Arg22Term 

AGA-TGA 



Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

Lys37Term 

AAA-TM 



GCTCTGAGACTGAACCCTATCCCCACCCAAACCTTCTCCCTCCCC 
CAAATGGCCAGTCTCTGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCAAAGAGGTTGAAAATA 



6621 



TA7TTTCAACCTCTTTGGAACCGGAGCGGAGGGTAGAGGCCATGC 
GGAACCTGGGAGATCAGAGACTGGCCATTTGGGGGAGGGAGAAG 
GTTTGGGTGGGGATAGGGTTCAGTCTCAGAGC 



6622 



CCAGTCTCTGATCTCCC 



6623 



GGGAGATCAGAGACTGG 



6624 



CAAATGGCCAGTCTCAGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCTAAGAGGTTGAAAATATTAAGAAGCCATTCA 

CTCCTCCCAGAGAAGTGCATGTTCAAGTAA 



6625 



TTACTTGAACATGCACTTCTCTGGGAGGAGTGAATGGCTTCTTMT 

ATTTTCAACCTCTTAGGAACCGGAGCGGAGGGTAGAGGCCATGCG 

GAACCTGGGAGATCTGAGACTGGCCATTTG 



6626 



CCGGTTCCTAAGAGGTT 



6627 



AACCTCTTAGGAACCGG 



6628 



20 



Increased stearate 

stearoyl-ACP 

desaturase 

Helianihus annuus 

GlnHTerm 

CM-TAA 



CAACAAGCACACACAAGAACAACATCAACAATGGCGAHCGCATCA 
ATACGGCGACGTTTTAATCAGACCTGTACCGTTCATTCGCGTTTCC 
TCMCCGAAACCTCTCAGATCTCCCAAAT 



ATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAATGAAC 
GGTACAGGTCTGATTAAAACGTCGCCGTATTGATGCGAATCGCCA 
TTGTTGATGTTGTTCTTGTGTGTGCTTGTTG 



6630 



CGACGTTTTAATCAGAC 



6631 



GTCTGATTAAAACGTCG 



6632 



25 



30 



Increased stearate 
stearoyl-ACP 
desaturase 
Helianthus annuus 
Ser12Term 

TCA-TGA 



AAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCAATAC 
GGCGACGTTTCAATgAGACCTGTACCGTTCATrCGCGTTTCCTCAA 
CCGAAACCTCTCAGATCTCCCAAATTCGC 



6633 



GCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTATTGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCTT 



6634 



WO 01/92512 



181- 



PCT/US01/17672 




11IIP 



GTTTCAATGAGACCTGT 



ACAGGTCTCATTGAAAC 



6635 



6636 



Increased stearate 

stearoyl-ACP 

desaturase 

Hetianthus annuus 

Tyr15Term 

TAC-TAG 



AAGAACAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTT 

CMTCAGACCTGTAGCGTTCATTCGCGTTTCCTCAACCGAAACCTC 
TCAGATCTCCCAAATTCGCCATGGCTTCC 



6637 



GGMGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGG 

AAACGCGAATGAACGCTACAGGTCTGATTGAAACGTCGCCGTATT 

GATGCGMTCGCCATTGTTGATGTTGTTCTT 



GACCTGTAGCGTTCATT 



AATGAACGCTACAGGTC 



6638 



6639 



6640 



Increased stearate 

stearoyl-ACP 

desaturase 

\Helianthus annuus 

Ser17Term 

TCA-TGA 



CAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTTCAATC 
AGACCTGTACCGTTGATTCGCGTTTCCTCAACCGAAACCTCTCAGA 
TCTCCCAAATTCGCCATGGCTTCCACCAT 



ATGGTGGAAGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGT 
TGAGGAAACGCGAATCAACGGTACAGGTCTGATTGAAACGTCGCC 
GTATTGATGCGAATCGCCATTGTTGATGTTG 



GTACCGTTGATTCGCGT 



ACGCGAATQAACGGTAC 



6641 



6642 



6643 



6644 



increased stearate 

i stearoyl-ACP 

desaturase 

\ Hetianthus annuus 

Arg4Term 

CGA-TGA 



ACACACAACAC ACAC I CAA T CACACACACA T CA T CA1 C TT C TT CA T C 
AACGATGGCGCTTTGAATGAGTCCGGTGACGCTTCAACGGGAGAT 
ATATCCTTCATACACTTTTCATCAATCGA 



TCGATTGATGAAAAGTGTATGAAGGATATATCTCCCGTTGAAGCGT 
CACCGGACTCATTCAAAGCGCCATCGTTGATGAAGAAGATGATGA 
TGTGTGTGTGATTGAGTGTGTGTTGTGTGT 



TGGCGCTTTGAATGAGT 



Increased stearate 
I stearoyl-ACP 
desaturase 
Hetianthus annuus 
|Gln11Term 
CAA-TAA 



ACTCATTCAAAGCGCCA 

ACACACACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGA 
GTCCGGTGACGCTTTAACGGGAGATATATCCTTCATACACTTTTCA 
TCMTCGAAAAATCTCAGATCTCCTAAAT 



ATTTAGGAGATCTGAGATTTTTCGATTGATGAAAAGTGTATGAAGG 

ATATATCTCCCGTTAAAGCGTCACCGGACTCATTCGAAGCGCCAT 
CGTT GATGAAGAAGATGATGATGTGTGTGT 



TGACGCTTTAACGGGAG 



CTCCCGTTAAAGCGTCA 



"664T 



6646 



6647 



6648 
6649 



6650 



6651 



6652 



WO 01/92512 



182 



PCT/US01/17672 





15EQID 



Increased stearate 

stearoyl-ACP 

desaturase 

Hetianthus annuus 

Glu13Term 

GAG-TAG 



ACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGG 
TGACGCTTCMCGGTAGATATATCCTTCATACACTTTTCATCAATCG 
AAAAATCTCAGATCTCCTAAATTCGCGA 



6653 



TCGCGMTTTAGGAGATCTGAGATTTTTCGATTGATGAAAAGTGTA 
TGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCATTCGAAG 
CGCCATCGTTGATGAAGAAGATGATGATGT 



6654 



TTCAACGGTAGATATAT 



6655 



ATATATCTACCGTTGAA 



6656 



Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Tyii5Term 

TAT-TAG 



ATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGGTGACGCTT 
CMCGGGAGATATAGCCTTCATACACTTTTCATCAATCGAAAAATCT 
CAGATCTCCTAAATTCGCGATGGCTTCC 



6657 



GGMGCCATCGCGMTTTAGGAGATCTGAGATTTTTCGATTGATGA 

AAAGTGTATGAAGGCTATATCTCCCGTTGAAGCGTCACCGGACTC 

ATTCGAAGCGCCATCGTTGATGAAGAAGAT 



6658 



GAGATATAGCCTTCATA 



6659 



TATGAAGGCTATATCTC 



6660 



AAC ICAGCCAGCTTGCCCCCAAACAACAGCGCAGAAAAACC 1 1 OA 
ACAACAATGGCTCTCIAGCTCAACCCAGTCACCACCnCCCTTCAA 
CACGCTCCCTCAACAACTTCTCCTCCAGAT 



Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Lys4Term 

AAG-TAG 



^661 



ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 
GTGACTGGGTTGAGCTAGAGAGCCATTGTTGTTGAAGG 1 1 1 1 ICTG 
CGCTGTTGTTTGGGGGCAAGCTGGCTGAGTT 



6662 



TGGCTCTCTAGCTCAAC 



6663 



GTTGAGCTAGAGAGCCA 



6664 



Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Ser13Term 

TCA-TGA 



GCGCAGAAAAACCTTCMCMCAATGGCTCTCAAGCTCAACCCAG 

TCACCACCTTCCCTTGAACACGCTCCCTCAACAACTTCTCCTCCAG 

ATCTCGTCGCACCTTTCTCATGGCTGCTTC 



6665 



GAAGCAGCCATGAGAAAGGTGCGAGGAGATCTGGAGGAGAAGTT 
GTTGAGGGAGCGTGTTCAAGGGAAGGTGGTGACTGGGTTGAGCT 
TGAGAGCCATTGTTGTTGAAGG 1 1 1 1 ICTGCGC 



6666 



CTTCCCTTGAACACGCT 



6667 



AGCGTGTTCMGGGAAG 



6668 



Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Arg23Term 

AGA-TGA 



CTCAAGCTCAACCCAGTCACCACCTTCCCTTCAACACGCTCCCTC 
AACAACTTCTCCTCCIGATCTCCTCGCACCTTTCTCATGGCTGCTT 
CCACTTTCAATTCCACCTCCACCAAGTAAG 



6669 



CTTACTTGGTGGAGGTGGAATTGAAAGTGGAAGCAGCCATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGTTGAGGGAGCGTGTT 
GAAGGGAAGGTGGTGACTGGGTTGAGCTTGAG 



6670 



WO 01/92512 



PCT/US01/17672 



-183- 






HI 



TCTCCTCdGATCTCCT 



AGGAGATCAGGAGGAGA 



6671 



6672 



Increased stearate 

stearayl-ACP 

desaturase 

Linum usitatissimum 

Lys41Term 

AAG-TAG 



TCCTCCAGATCTCCTCGCACCTTTCTCATGGCTGCTTCCAC7TTCA 
ATTCCACCTCCACCTAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
CCGATTTC7TTTAAGCGATTGATCGTAGA 



TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 

GAGGAGATGCTTACTAGGTGGAGGTGGAATTGAAAGTGGAAGCAG 

CCATGAGAAAGGTGCGAGGAGATCTGGAGGA 



CCTCCACCIAGTAAGCA 



TGCTTACTAGGTGGAGG 



6673 



6674 



6675 



6676 



10 



increased stearate 

stearoyl-ACP 

desaturase 

O/ea europaea 

Arg21Term 

AGA-TGA 



ATGGCACTGAAACTTTGCTTTCCACCCCACAAGA I GCCT TCCTTCC 
CCGATGCTCGTATCTGATCTCACAGGGTTTTCATGGCTTCAACTAT 
TCATTCTCCTTCTATGGAGGTCGGAAAAG 



CTTTTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGCATCTT 
GTGG GGTGGAAAGC AAAGTTTCAGTGCC AT 



CTCGTATCTGATCTCAC 



GTGAGATCAGATACGAG 



"6677 



6678 



6679 



6680 



15 



Increased stearate 

stearoyl-ACP 

desaturase 

O/ea europaea 

Ser29Term 

TCA-TGA 



CCCACAAGATGCCTTCCTTCCCCGATGCTCGTATCAGATCTCACA 
GGGTTTTCATGGCnfiAACTATTCATTCTCCTTCTATGGAGGTCGG 
AAAAGTTAAAAAGCCTTTCACGCCTCCACG 



CGTGGAGGCGTGAMGGCTTTTTMCTTTTCCGACCTCCATAGAAG 
GAGAATGAATAGTTCAAGCCATGAAAACCCTGTGAGATCTGATACG 

AGCATCGGGGAAGGAAGGCATCTTGTGGG 



CATGGCTTGAACTATTC 



GAATAGTTCAAGCCATG 



6681 



6682 



6683 



6684 



20 



Increased stearate 

stearoyl-ACP 

desaturase 

O/ea europaea 

Glu37Term 

GAG-TAG 



GATGCTCGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTC 
ATTCTCCTTCTATGTAGGTCGGAAAAGTTAAAAAGCCTTTCACGCC 
TCCACGAGAGGTACATGTTCMGTAACCC 



GGGTTACTTGAACATGTACCTCTCGTGGAGGCGTGAAAGGCTTTTT 
MCTTTTCCGACCTACATAGAAGGAGMTGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC 



CTTCTATGTAGGTCGGA 



TCCGACCTACATAGAAG 



6685 



6686 



6687 



6688 



WO 01/92512 



PCT/US01/17672 



-184- 




increased stearate 

stearoyl-ACP 

desaturase 

0/ea europaea 

Gly39Term 

GGA-TGA 



CGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTCATTCTC 
(JITCTATGGAGGTCIGAAAAGTTAAAAAGCCTTTCACGCCTCCACG 

AGAGGTACATGTTCAAGTAACCCATTCCT 



6689 



AGGAATGGGTTACTTGAACATGTACCTCTCGTGGAGGCGTGAAAG 
GCTTTnMCTTTTCAGACCTCCATAGAAGGAGAATGAATAGTTGA 

AGCCATGAAAACCCTGTGAGATCTGATACG 



6690 



TGGAGGTCTGAAAAGTT 



6691 



AACTTTTCAGACCTCCA 



6692 



10 



Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Lys4Term 

AAA-TAA 



1 1 CI CGI 1 1 1 1 G rCG T CCCC T C T G CTCTCTCTCTCTATCAGGCACG 
GAGAAATGGCACTGIAACTCAGTCCAGTCATGTTTCAATCTCAGAA 
GCTTCCATTTCTTGCCTCCTATCCGCCTT 



AAGGCGGATAGGAGGCAAGAAATGGAAGCTTCTGAGATTGAAACA 
TGACTGGAGTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGAGAA 



TGGCACTGTAACTCAGT 



ACTGAGTTACAGTGCCA 



WSJ 



6694 



6695 



6696 



15 



Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Gln11Term 

CAA-TAA 



CTGCTCTCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTC 
AGTCCAGTCATGTTTTAATCTCAGAAGCTTCCATTTCTTGCCTCCTA 

TCCGCCTTCCAATCTCAGATCTCCGAGGG 



6697 



CCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAAGAAAT 

GGMGCTTCTGAGATTAAAACATGACTGGACTGAGTTTCAGTGCCA 

TTTCTCCGTGCCTGATAGAGAGAGAGAGCAG 



6698 



TCATGTT7TAATCTCAG 



6699 



CTGAGATTAAAACATGA 



6700 



20 



Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Gin13Term 

CAG-TAG 



TCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCA 
GTCATGTnCMTCTTAGMGCTTCCATTTCTTGCCTCCTATCCGC 
CTTC'CAATCTCAGATCTCCGAGGGTTTTCA 



6701 



TGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAA 
GAMTGGMGCTTCTAAGATTGAAACATGACTGGACTGAGTTTCAG 
TGCCATTTCTCCGTGCCTGATAGAGAGAGA 



6702 



TTCAATCTTAGAAGCTT 



6703 



AAGCTTCTAAGATTGAA 



6704 



25 



30 



Increased stearate 
stearoyl-ACP 
desaturase 
Persea americana 
Lys14Term 

AAG-TAG 



CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCAGTC 

ATGTTTCAATCTCAGIAGCTTCCATTTCTTGCCTCCTATCCGCCTTC 

CAATCTCAGATCTCCGAGGGTnTCATGG 



6705 



CCATGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAMCATGACTGGACTGAGTTT 

CAGTGCCATTTCTCCGTGCCTGATAGAGAG 



6706 



WO 01/92512 



185 



PCT/US01/17672 



m 




mmmm 



AATCTCAGTAGCTTCCA 



6707 



TGGAAGCTACTGAGATT 



6708 



Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Tyr12Term 

TAC-TAG 



CCCCGAGATCTCGCTGCCGCTGC I CATGGCGTTCGCGGCGTCCC 
ACACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGAAGATGGTGGCCATGGCC 



GGCCATGGCCACCATCTTCGACATCCCATTGCTCCTCCTCTGCGC 
CACGCCGCCGCAGGACTACGGCGATGCGGTGTGGGACGCCGCG 
AACGCCATGAGCAGCGGCAGCGAGATCTCGGGG 



TCGCCGTAGTCCTGCGG 



CCGCAGGACTACGGCGA 



6710 



6711 



6712 



Increased stearate 

stearoyl-ACP 

desaturase 

Oryza saliva 

Gln19Term 

CAG-TAG 



CTGCTCATGGCGTTCGCGGCGTCCCACACCGCATCGCCGTACTC 

CTGCGGCGGCGTGGCGTAGAGGAGGAGCAATGGGATGTCGAAGA 

TGGTGGCCATGGCCTCCACCATCAACAGGGTCA 



6713 



TGACCCTGTTGATGGTGGAGGCCATGGCCACCATCTTCGACATCC 
CATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
GCGGTGTGGGACGCCGCGAACGCCATGAGCAG 



6714 



GCGTGGCGTAGAGGAGG 



6715 



CCTCCTCTACGCCACGC 



6716 



Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Ser26Term 

TCG-TAG 



CCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 
GAGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 
TCAACAGGGTCAAGACTGCTAAGAAGCCCTACAC 



GTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGGCC 
ATGGCCACCATCTTCIACATCCCATTGCTCCTCCTCTGCGCCACG 
CCGCCGCAGGAGTACGGCGATGCGGTGTGGG 



TGGGATGTAGAAGATGG 



CCATCnCTACATCCCA 



6717 



6718 



6719 



6720 



Increased stearate 

stearoyl-ACP 

desaturase 

Oryza sativa 

Lys27Term 

MG-TAG 



CACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGTAGATGGTGGCCATGGCCTCCACCATCAA 
CAGGGTCAAGACTGCTAAGAAGCCCTACACTC 



GAGTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGG 
CCATGGCCACCATCTACGACATCCCATTGCTCCTCCTCTGCGCCA 
CGCCGCCGCAGGAGTACGGCGATGCGGTGTG 



GGATGTCGTAGATGGTG 



CACCATCTACGACATCC 



6721 



6722 



6723 



6724 



WO 01/92512 



186 



PCT/US01/17672 




mm 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Leu3Term 

TTG-TAG 



1 1 CTC rCTCTAGGTTGAGCGG1TACCAACA6AAGCAC7TAGGAGA 
GAGAAGCAATGGCGTAGAAGCTTCACCACACGGCCTTCAATCCTT 
CCATGGCGGTTACCTCTTCGGGACTTCCTCG 



CGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAGGC 
CGTGTGGTGAAGCTTCTACGCCATTGCTTCTCTCTCCTAAGTGCTT 
CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 



6726 



AATGGCGTAGAAGCTTC 



6727 



GAAGCTTCTACGCCATT 



6728 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Lys4Term 

AAG-TAG 



CTCTCTCTAGGTTGAGCGG7TACCAACAGAAGCACTTAGGAGAGA 
GAAGCAATGGCGTTGTAGCTTCACCACACGGCCTTCAATCCTTCC 
ATGGCGGTTACCTCTTCGGGACTTCCTCGAT 



6729 



ATCGAGGAAGTCCCGAAGAGGTMCCGCCATGGAAGGATTGAAG 
GCCGTGTGGTGAAGCTACAACGCCATTGCTTCTCTCTCCTAAGTG 
CTTCTG7TGGT AACCGCTCMCCTAGAGAGAG 



6730 



TGGCGTTGTAGCTTCAC 



6731 



GTGAAGCTACAACGCCA 



6732 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Ser19Term 

TCG-TAG 



AAGCAATGGCGTTGAAGCTTCACCACACGGCCTTCMTCCTTCCAT 

GGCGGTTACCTCTTAGGGACTTCCTCGATCGTATCACCTCAGATC 

TCACCGCG7TTTCATGGCTTCTTCTACAAT 



ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAC 

GATCGAGGAAGTCCCIAAGAGGTAACCGCCATGGMGGATTGAAG 
GCCGTGTGGTGAAGCTTCAACGCCATTGCTT 



TACCTCTTAGGGACTTC 



GAAGTCCCT AAGAGGTA 



6733 



6734 



6735 



6736 



Increased stearate 

stearoyl-ACP 

desaturase 

Simmondsia chinensis 

Qy20Term 

GGA-TGA 



GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCATG 

GCGGTTACCTCTTCGIGACTTCCTCGATCGTATCACCTCAGATCTC 

ACCGCGTTTTCATGGCTTCTTCTACAATTG 



6737 



CAATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGAT 

ACGATCGAGGAAGTCACGAAGAGGTAACCGCCATGGAAGGATTGA 

AGGCCGTGTGGTGMGCTTCAACGCCATTGC 



6738 



CCTCTTCGTGACTTCCT 



6739 



AGGAAGTCACGAAGAGG 



6740 



increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Ser21Term 

TCA-TGA 



I GGC I CTGAATCTCAACCCCGT7TCCACACCATTTCAGTGTCGTCG 
ATTGCCGTCTTTCTGACCTCGTCAAACGCCTTCTCGCAGATCTCCC 
AAATTCTTCATGGCTTCCACTCTCAGCAG 



CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGAA 
GGCGTTTGACGAGGTCAGAAAGACGGCAATCGACGACACTGAAAT 
GGTGTGGAAACGGGGTTGAGATTCAGAGCCA 



6742 



WO 01/92512 



187 



PCT/US01/17672 





^^^^^^^^^^^^^^^^^^^^^^^^ 






GTCTTTCTGACCTCGTC 


6743 


GACGAGGTCAGAAAGAC 


6744 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Gln24Term 

CAA-TAA 


AATCTCAACCCCGTTTCCACACCATTTCAGTGTCGTCGATTGCCGT 

CTTTCTCACCTCGTIAMCGCCTTCTCGCAGATCTCCCAAATTCTT 

CATGGCTTCCACTCTCAGCAGCTCTTCTC 


6745 


GAGAAGAGCTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATC 
TGCGAGAAGGCGTTTAACGAGGTGAGAAAGACGGCAATCGACGA 
CACTGAAATGGT GTGGAAACGGGGTTGAGATT 


6746 


CACCTCGTTAAACGCCT 


6747 


AGGCGTTTAACGAGGTG 


6748 

^pr • 9 ^pF 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Arg29Term 

AGA-TGA 


TCCACACCATTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTC 
AMCGCCnCTCGCTGATCTCCCAAATTCTTCATGGCTTCCACTCT 
CAGCAGCTCTTCTCCT AAGGAAGCGGAAA 


6749 


TTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGGAAGCCATGA 
AGAATTTGGGAGATCAGCGAGAAGGCG 1 1 1 GACGAGGTGAGAAAG 
ACGGCAATCGACGACACTGAAATGGTGTGGA 


6750 


CTTCTCGCTGATCTCCC 


6751 


GGGAGATCAGCGAGAAG 


6752 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Lys32Term 

AAA-TAA 


TTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTCAAACGCCTT 
CTCGCAGATCTCCCTMTTCTTCATGGCTTCCACTCTCAGCAGCTC 
TTCTCCTAAGGAAGCGGAAAGCCTGAAGA 


6753 


TCTTCAGGCT7TCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGG 

AAGCCATGAAGAATTAGGGAGATCTGCGAGAAGGCGTTTGACGAG 
GTGAGAAAGACGGCAATCGACGACACTGAAA 


6754 


GATCTCCCTAATTCTTC 


6755 


GAAGAATTAGGGAGATC 


6756 


increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

LeulOTerm 

TTA-TGA 


AAArAGTCGAGGIGAAAAACAGAGCATCAACAATGGCACIGAA'IAT 
CMTGGGGTGTCGTGAAAATCTCACAAAATGTTACCATTTCCTTGT 
TCTTCAGCCAGATCTGAGCGAGTTTTCAT 


6757 

^pf p ^» » 


ATGAAAACTCGCTCAGATCTGGCTGAAGAACMGGAAATGGTAACA 
1 1 1 1 GTGAGATTTTCACGACACCCCATrGATATTCAGTGCCATTGTT 
GATGCTCTGTmTCACCTCGACTATTT . 


6758 




GGTGTCGTGAAAATCTC 


6759 




GAGATTTTCACGACACC 


6760 



WO 01/92512 



PCT/US01/17672 



-188- 




wJK 



increased stearate 
stearoyl-ACP 
desaturase 
Solatium tuberosum 
Lys11Term 
AAA-TAA 



ATAGTCGAG6TGAAAAACAGAGCATCAACAATGGCACTGAATATCA 
ATGGGGTGTCGTTATMTCTCACAAAATGTTACCATTTCCTTGTTCT 
TCAGCCAGATCTGAGCGAGTTTTCATGG 



CCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTA 
ACATTTTGTGAGATTATAACGACACCCCATTGATATTCAGTGCCATT 

GTTGATGCTCTG 1 1 1 1 1 CACCTCGACTAT 



TGTCGTTATAATCTCAC 



GTGAGATTATAACGACA 



6761 



6762 



6763 



6764 



Increased stearate 

stearoyl-ACP 

desaturase 

Solatium tuberosum 

Lys14Term 

AAA-TAA 



GTGAAAAACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGT 
CGnAAAATCTCACTAAATGTTACCATTTCCTTGTTCTTCAGCCAGA 
TCTGAGCGAGTTTTCATGGCTTCAACCA 



6765 



TGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAG 

GAMTGGTMCATTTAGTGAGATTTTAACGACACCCCATTGATATTC 

AGTGCCATTGTTGATGCTCTGTTTTTCAC 



6766 



AATCTCACTAAATGTT A 



6767 



TAACATTTAGTGAGATT 



6768 



Increased stearate 

stearoyl-ACP 

desaturase 

Solatium tuberosum 

Leu16Term 

TTA-TGA 



ACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGTCGTTAAA 

ATCTCACAAAATGTGACCATTTCCTTGTTCTTCAGCCAGATCTGAG 

CGAGTTTTCATGGCTTCAACCATTCATCG 



6769 



CGATGAATGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAA 
GMCMGGAMTGGTCACATTTTGTGAGATTTTAACGACACCCCAT 
TGATATTCAGTGCCATTGTTGATGCTCTGT 



6770 



CAAAATGTGACCATTTC 



6771 



GAAATGGTCACATTTTG 



6772 



increased stearate 

stearoyl-ACP 

desaturase 

Arach/s hypogaea 

Ser21Term 

TCA-TGA 



TGGCTCTGAGGCTGAACCCTAACCCTTCACAGAAGCTCTTTCTCTC 

TCCTTCirCATCATGATCnCTTCTTCTTCATCGTTCTCGCTTCCTC 

AAATGGCTAGCCTCAGATCTCCAAGGTT 



AACCTTGGAGATCTGAGGCTAGCCATTTGAGGAAGCGAGAACGAT 
GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAAAGAGCTTC 
TGTGAAGGGTTAGGGTTCAGCCTCAGAGCCA 



TTCATCATGATCTTCTT 



AAGAAGATCATGATGAA 



"6773" 



6774 



6775 



6776 



Increased stearate 

stearoyl-ACP 

desaturase 

Arac/j/s hypogaea 

Ser26Term 

TCA-TGA 



ACCCTAACCCnCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCA 

TCTTCTTCTTCTTGATCGTTCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 



6777 



GTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGAAGATGATGATGAAGAAGGA 
GAGAGAAAGAGCTTCTGTGAAGGGTTAGGGT 



6778 



WO 01/92512 



-189 



PCT/US01/17672 




sir 




TTCTTCTTGATCGTTCT 



Increased stearate 

|stearoyl-ACP 

desaturase 

\Arachis hypogaea 

Ser27Term 

TCG-TAG 



AGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCAT 

TTGAGGAAGCGAGAACIATGAAGAAGAAGAAGATGATGATGAAGA 
AGGAGAGAGAAAGAGCTTCTGTGAAGGGTTAG 



TTCTTCATAGTTCTCGC 



GCGAGAACTATGAAGAA 



Increased stearate 

stearoyl-ACP 

desaturase 

| Arachis hypogaea 

Ser29Term 

ITCG-TAG 



increased stearate 
! stearoyl-ACP 
desaturase 
Gossypium hirsutum 
Leu3Term 
ITTG-TAG 



CTrCACAGMGCTCTnCTCTCTCCTTCTTCATCATCATCTTCTTCT 
TCTTCATCGTTCTAGCTTCCTCAAATGGCTAGCCTCAGATCTCCAA 
GGTTCCGCATGGCCTCCACCCTCCGCAC 



GTGCGGAGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCT 

AGCCATTTGAGGAAGCTAGAACGATGAAGAAGAAGAAGATGATGA 

TGAAGAAGGAGAGAGAAAGAGCTTCTGTGAAG 



ATCGTTCTAGCTTCCTC 



GAGGAAGCTAGAACGAT 



AAAG ITAAMGCCG I CCAAAACC CAAACCAGGAAAGGCAAACGAA 
MGAAAAAATGGCTTAGAATTTTAATGCCATCGCCTCGAAATCTCA 
GAAGCTCCCTTGCTTTGCTCTTCCACCAAA 



TTTGGTGGAAGAGCAAAGCAAGGGAGCTTCTGAGATTTCGAGGCG 

ATGGCATTAAMTTCIMGCCATTTTTTCTTTTCGTTTGCCTTTCCT 

GGTTTGGGTTTTGGACGGCTTTTAACTTT 



AATGGCTT AGAATTTTA 



TAAAATTCTAAGCCATT 



6779 



AGAACGATCAAGAAGAA 6780 



CTMCCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCT 6781 
TCTTCTTCTTCATAGTTCTCGCTTCCTCAMTGGCTAGCCTCAGAT 
CTCCMGGTTCCGCATGGCCTCCACCCT 



6782 



6783 



6784 



6785 



6786 



6787 



6788 



S7W 



6790 



6791 



6792 



Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Serl-Term 

ITCG-TAG 



CCCAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCT7TGAATTT 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTGCTTTGCTCTT 
CCACCAAAGGCCACCCTTAGATCTCCCAA 



TTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAGG 

GAGCTTCTGAGATTTCTAGGCGATGGCATTAAAATTCAMGCCATT 

TT1TCTTTTCGTTTGCCTTTCCTGGTTTGGG 



CATCGCCTAGAAATCTC 



GAGATTTCTAGGCGATG 



6793 



6794 



6795 



6796 



WO 01/92512 



190 



PCT/US01/17672 




Increased stearate 
stearoyl-ACP 
desaturase 
Gossypium hirsutum 
Lys1 1Term 
AAA-TM 



CAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAATT7TA 
ATGCCATCGCCTCGTAATCTCAGAAGCTCCCTTGCTTTGCTCTTCC 
ACCAAAGGCCACCCTTAGATCTCCCAAGT 



ACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAG 
GGAGCTTCTGAGATTACGAGGCGATGGCATTAAAATTCAAAGCCA 
1 1 1 1 1 ICI 1 1 1 CGTTTGCCTTTCCTGGTTTG 



TCGCCTCGTAATCTCAG 



CTGAGATTACGAGGCGA 



6797 



6798 



6799 



6800 



10 



Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Gln13Term 

CAG-TAG 



AGGAMGGCAMCGAAMGAAAAMTGGCTTTGAATTTTMTGCCA 
TCGCCTCGAAATCTTAGMGCTCCCTTGCTTTGCTCTTCCACCAAA 
GGCCACCCTTAGAfCTCCCAAGTTTTCCA 



TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCMGGGAGCTrCTAAGATTTCGAGGCGATGGCATTAAAATTCAA 
AGCCAI 1 1 1 1 ICI 1 1 1 CGTTTGCCTTTCCT 



CGAAATCTT AGAAGCTC 



GAGCTTCTAAGATTTCG 



6801 



6802 



6803 



6804 



WO 01/92512 



191 



PCT/US01/17672 



Table 24 

Oligonucleotides to produce plants with reduced linolenic acid 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser4Term 
TCG-TAG 



MTAGMCGACAGAGACTTTTTCCTCTTTTCTTCTTGGGAAGAGGC 
TCCMTGGCGAGCTAGGTTTTATCAGMTGTGGTTTTAGACCTCTC 
CCCAGATTCTACCCTAMCACACAACCTC 



GAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTAAAACCA 
CATTCTGATAAAACCTAGCTCGCCATTGGAGCCTCTTCCCAAGAAG 
AAMGAGGAAAAAGTCTCTGTCGTTCT ATT 



GGCGAGCTTGGTTTTAT 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Leu6Term 
TTA-TGA 



GCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTA 

AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 
CAAGAAGAAAAGAGGAAAAAGTCTCTGTC GT 



CTCGGTTTGATCAGMT 



AnCTGATCAAACCGAG 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser7Term 
TCA-TGA 



ACAGAGACTTTTTCCTCTTTTCTTCTTGGGAAGAGGCTCCAATGGC 
GAGCTCGGTTTTATGAGMTGTGGTTTTAGACCTCTCCCCAGATTC 
TACCCTAAACACACAACCTCTTTTGCCTC 



GAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGT 
CTAAAACCACATTCTCATAAAACCGAGCTCGCCATTGGAGCCTCTT 
CCCAAGAAGAAAAGAGGAAAAAGTCTCTGT 



GGTTTTATGAGAATGTG 



CACATTCTCATAAAACC 



6805 



6806 



6807 



ATAAAACCAAGCTCGCC 6808 

ACGACAGAGAC 1 1 1 1 1 CU I C 1 1 1 1 C 1 1 C 1 1 GGGAAGAGGCTCCMT I 6809 
GGCGAGCTCGGTTTGATCAGMTGTGGTTTTAGACCTCTCCCCAG 
ATTCTACCCTAAACACACAACCTCTTTTGC 



6810 



6811 



6812 



6813 



6814 



6815 



6816 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
GluSTerm 
GAA-TAA 



AGAGACTT7TTCCTCTTTTC7TCTTGGGAAGAGGCTCCAATGGCGA 

GCTCGGTTTTATCATMTGTGGTTTTAGACCTCTCCCCAGATTCTA 

CCCTAMCACACMCCTCTTTTGCCTCTA 



TAGAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAG 

GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
TTCCCAAGAAGAAAAGAGGAAAAAGTCTCT 



nTTATCAJAATGTGGT 



ACCACATTATGATAAAA 



6817 



6818 



6819 



6820 



WO 01/92512 PCT/US01/17672 



-192- 


fiiltflliSJifiti 




IplflllpI 

mm 


"Rprtiipprt linnlpnif! acid 

omega-3 My acid 
desaturase 


TCATCAfCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGC 1 C 1 
AGCMTGGCGAACTA6GTCTTATCCGAATGTGGCATAAGACCTCT 
CCCCAGAATCTACACCACACCCAGATCCAC 


6821 


Brassica juncea 

Leu4Term 

TTGTAG 


GTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTTATGCCA 
CAnCGGATAAGACCIAGTTCGCCATTGCTAGAGCTCTrrTGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


6822 




GGCGAACTAGGTC7TAT 


6823 




ATAAGACCTAGTTCGCC 


6824 


PaHiicoH linnlonip arid 

omega-3 fatty acid 
desaturase 


TCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAA 
TGGCGAACTTGGTCTGATCCGAATGTGGCATAAGACCTCTCCCCA 
GAATCTACACCACACCCAGATCCACTTTCCT 


6825 


Brassica juncea 

LeuSTerm 

TTA-TGA 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTT 
ATGCCACATTCGGATCAGACCAAGTTCGCCATTGCTAGAGCTCTTT 
TGCTCTCTCTCTCTCCCCAGAAGAAGAAGA 


6826 




CTTGGTCTGATCCGAAT 


6827 




ATTffSfiATPAfiArrAAft 


6828 


rceuucea iinQieniu duu 

omega-3 My acid 
desaturase 


TTrTTCTGCMGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCG 
AACTTGGTCTTATCCIAATGTGGCATAAGACCTCTCCCCAGAATCT 

ACACCACACCCAGATCCACTTTCCTCTCCA 


6829 

Ww" WwF^ W*?W^ 


Brass/ca juncea 

Glu8Tenm 

GAA-TAA 


TGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGA 

GGTCTTATGCCACATTAGGATAAGACCAAGTTCGCCATTGCTAGAG 

CTCTTTTGCTCTCTCTCTCTCCCCAGAAGAA 


6830 




TCTTATCCIAATGTGGC 


6831 




GCCACATTAGGATAAGA 


6832 


r\t/UUucU linuiciliLr auiU 

omega-3 My acid 
desaturase 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCGAACTT 

GGTCTTATCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 

CACACCCAGATCCACTTTCCTCTCCAACACC 


6833 


Brassica juncea 

Cys9Term 

TGT-TGA 


GGTGTT GGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGG 
GAGAGGTCTT ATGCCTCATTCGGATAAGACCAAG7TCGCCATTGCT 
AGAGCTCTTTTGCTCTCTCTCTCTCCCCAG 


6834 




TCCGAATGAGGCATAAG 


6835 




CTTATGCCTCATTCGGA 


6836 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATAACAGAATTGC 1 GAA 1 1CI IGCAI 1 1 1 IAUCI ICI'GGGI 1 1 ICAA 
TGGCTGCTGGTTGAGTATTATCAGAATGTGGTTTAAGGCCTCTCCC 

AAGAATCTACTCACGACCCAGAATTGGT 


6837 


Ricinus communis 
Trp5Term 

TGG-TGA 


ACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTTAAACC 
ACATTCTGATMTACTCAACCAGCAGCCATTGAAAACCCAGAAGCT 
AAAAATGCAAGAATTCAGCAATTCTGTTAT 


6838 



WO 01/92512 



PCT/US01/17672 



-193- 





GCTGGTTGAGTATTATC 



GATAATACTCAACCAGC 



6839 



6840 



Reduced linolenic acid 
I omega-3 tatty acid 
desaturase 
Ricinus communis 
Leu7Term 
ITTA-TGA 



AGMTTGCTGMTrCTrGCATTTTTAGCTTCTGGGTTTTCMTGGCT 

GCTGGTTGGGTATGATCAGAATGTGGTTTAAGGCCTCTCCCAAGA 
ATCTACTCACGACCCAGAATTGGTTTTAC 



GTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 

AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 
AAGCTAAAAATGCAAGAATTCAGCAATTCT 



TTGGGTATGATCAGAAT 



ATTCTGATCATACCCAA 



6841 



6842 



6843 



6844 



Reduced linolenic acid 

I omega-3 My acid 

[desaturase 

[ Ricinus communis 

Ser8Term 

ITCA-TGA 



ATTGCTGMTTCTTGCATTTTTAGCTTCTGGGTTTTCAATGGCTGCT 
GGTTGGGTATTATGAGAATGTGGTTTAAGGCCTCTCCCAAGAATCT 
ACTCACGACCCAGAATTGGTTTTACATC 



GATGTAAAACCAATTCTGGGTCGTGAGT AGATTCTTGGGAGAGGC 

CTTAAACCACATTCTCATAATACCCAACCAGCAGCCATTGAAAACC 
CAGAAGCTAAAAATGCAAGAATTCAGCAAT 



GGTATTATGAGAATGTG 



CACATTCT£ATAATACC 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
Giu9Term 
GAA-TAA 



Educed linolenic acii 
I omega-3 fatty acid 
desaturase 
Nicotians tabacum 
|Arg22Term 
AGA-TGA 



TGCTGMTTCnGCATTTTTAGCnCTGGGTTTTCAATGGCTGCTG 

GTTGGGTATTATCATAATGTGGTTTAAGGCCTCTCCCAAGAATCTA 
CTCACGACCCAGAATTGGTTTTACATCGA 



TCGATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAG 

GCCTTAAACCACATTATGATAATACCCAACCAGCAGCCATTGAAAA 

CCCAGAAGCTAAAAATGCAAGAATTCAGCA 



TATTATCATAATGTGGT 



ACCACATTATGATAATA 

i 1 1 GGG 1 1 1 1 Al CAGAATG I GGTCHAGACCAC I CCCAAGAA 

TCTACCCTAAGCCCTGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ACATTAAGTTGAGAATTTCACGTACAGATC 



GATCTGT ACGTGAAATTCTCAACTTAATGTGAGAGGAGGCAGAAGT 
GGCTGCCCCAGTTCAGGGCTTAGGGTAGATTCTTGGGAGTGGTCT 
AAGACCACATTCTGATAAAACCCAACTTGC 



CTAAGCCCTGAACTGGG 



CCCAGTTCAGGGCTTAG 



6845 



6846 



6847 



6848 



6849 



6850 



6851 



6852 



6854 



6855 



6856 



WO 01/92512 



194 



PCT/US01/17672 




Reduced Iinolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Lys34Term 
AAG-TAG 



CTCCCAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCT 
GCCTCCTCTCACATTTAGTTGAGAATTTCACGTACAGATCTGAGTG 
GTTCTGCAATTTCTTTGTCTAATACTAATA 



6857 



TATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGTACG 
TGAAATTCTCAACTAAATGTGAGAGGAGGCAGMGTGGCT GCCCC 
AGTTCTGGGCTTAGGGTAGATTCTTGGGAG 



6858 



CTCACATTTAGTTGAGA 



6859 



TCTCAACTAAATGTGAG 



6860 



Reduced iinolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Leu35Term 
TTG-TAG 



CAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCT 
CCTCTCACATTAAGTAGAGAATTTCACGTACAGATCTGAGTGGTTC 
TGCAATTTCTTTGTCTAATACTAATAAAGA 



6861 



TCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTGT 

ACGTGAAATTCTCTACTTAATGTGAGAGGAGGCAGAAGTGGCTGC 

CCCAGTTCTGGGCTTAGGGTAGATTCTTG 



6862 



CATTAAGTAGAGAATTT 



6863 



AAATTCTCTACTTAATG 



6864 



Reduced Iinolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Arg36Term 
AGA-TGA 



AGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCTGCCTCC 
TCTCACATTAAGTTGIGAATTTCACGTACAGATCTGAGTGGTTCTG 
CAATTTCTTTGTCTAATACTAATAAAGAGA 



6865 



TCTCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCT 
GTACGTGAAATTCACAACTTAATGTGAGAGGAGGCAGAAGTGGCT 
GCCCCAGTTCTGGGCTTAGGGT AGATTCT 



6866 



TTAAGTTGTGMTTTCA 



6867 



TGAAATTCACAACTTAA 



6868 



Reduced Iinolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Arg22Term 
AGA-TGA 



GC5AG1 IGGGI 1 1 1 A I CAGAA I G r GGTCTGAGGCCACTCCCGAGG 
GTCTATCCTAAGCCATGAACTGGCCACCCTTTGTTGAATTCCAATC 
CCACAAAGCTGAGATTTTCAAGAACAGATC 



TO69" 



GATCTGTTCTTGAAAATCTCAGCTTTGTGGGATTGGAATTCAACAA 
AGGGTGGCCAGTTCATGGCTTAGGATAGACCCTCGGGAGTGGCC 
TCAGACCACATTCTGATAAAACCCAACTCGC 



6870 



CTAAGCCAIGAACTGGC 



6871 



GCCAGTTCATGGCTTAG 



6872 



Reduced Iinolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Leu27Term 

TTG- TAG 



CAGAATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAA 
GAACTGGCCACCCTTAGTTGAATTCCAATCCCACAAAGCTGAGATT 
TTCAAGAACAGATCTTGGAAATGGTTCTTC 



6873 



GMGMCCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGTGG 
GATTGGMTTCAACTAAGGGTGGCCAGTTCTTGGCTTAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACATTCTG 



6874 



WO 01/92512 



PCT/US01/17672 



-195- 



was 



CCACCCTTAGTTGAATT 



6875 



AATTCAACTAAGGGTGG 



6876 



10 



15 



20 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Leu28Term 
ITTG-TAG 



AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTMGCCAAGAA 
CTGGCCACCCTTTGTAGAATTCCAATCCCACAAAGCTGAGATTTTC 
AAGAACAGATCTTGGAAATGGTTCTTCATT 



6877 



AATGAAGAACCAT1TCCAAGATCTGTTCTTGAAAATCTCAGCT7TGT 

GGGATTGGAATTCIACAAAGGGTGGCCAGTTCTTGGCTTAGGATA 

GACCCTCGGGAGTGGCCTCAGACCACATT 



6878 



CCCTTTGTAGAATTCCA 



6879 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Lys34Term 
[AAG-TAG 



TGGAATTCIACAAAGGG 6880 

CTCCCGAGGGTCTATCCTAAGCCAAGAACTGGCCACCCTTTGTTG | 6881 

MTTCCAATCCCACATAGCTGAGATTTTCAAGAACAGATCTTGGAA 
ATGGTTCTTCATTCTGTTTGTCGAGTGGGA 



TCCCACTCGACAMCAGAATGAAGMCCATTTCCAAGATCTGTTCT 

TGAAMTCTCAGCTATGTGGGATTGGAATTCMCAAAGGGTGGCC 
AGTTCTTGGCTTAGGATAGACCCTCGGGAG 



6882 



Keduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
|Tyr3Term 
TAC-TAG 



ATCCCACATAGCTGAGA 



6883 



TCTCAGCTATGTGGGAT 

OA I CAGAGCGGCGA I ACCTAAGCA 1 1 GC I GGGTT AAGAATCCATG 

GAAGTCTATGAGTTAGGTCGTCAGAGAGCTAGCCATCGTGTTCGC 
ACTAGCTGCTGGAGCTGCTTACCTCAACAAT 



6884 



ATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACACGATGGC 
TAGCTCTCTGACGACCTAACTCATAGACTTCCATGGATTCTTAACC 
CAGCAATGCTTAGGTATCGCCGCTCTGATG 



ATGAGTT AGGTCGTCAG 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
|Arg6Term 
AGA-TGA 



CTGACGACCTAACTCAT 

GCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCT 
ATGAGTTACGTCGTCTGAGAGCTAGCCATCGTGTTCGCACTAGCT 
GCTGGAGCTGCTTACCTCAACMTTGGCTrG 



6885 



6886 



6887 



CAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACA 
CGATGGCTAGCTCTCAGACGACGTAACTCATAGACTTCCATGGAT 
TCTTAACCCAGCAATGCTTAGGTATCGCCGC 



ACGTCGTCTGAGAGCTA 



TAGCTCTCAGACGACGT 



6888 
6889 



6890 



6891 



6892 



WO 01/92512 



196 



PCT/US01/17672 







SEQID 


Reduced linolenic acid G 

fivUUwwU llllwiwlllw QwlU \J 

omega-3 fatty acid 6' 
desaturase G 


CGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCTATGA 

TTACGTCGTCAGATAGCTAGCCATCGTGTTCGCACTAGCTGCTG 

AGCTGCTTACCTCAACAATTGGCTTGTTT 


6893 

WW WW 


Brassica napus fij 
Glu7Term A< 
GAG-TAG G 


^acaagccmttgttgaggtaagcagctccagcagctagtgcga 
:acgatggctagctatctgacgacgtaactcatagacttccatg 
attcttaacccagcaatgcttaggtatcxsc 


6894 


T( 


DGTCAGAJAGCTAGCC 


6895 


G 


GCTAGCTATCTGACGA 


6896 


RpHurp/H linolpnir arid Cl\ 

rVCUUwCU III IUICI llw GwlU W 1 

omega-3 fatty acid T 
desaturase G 


nATGGAAGTCTAT(3AGTTACGTCGTCAGAGAGCTAGCCATCGTG 

rCGCACTAGCTGCTTGAGCTGCTTACCTCAACAATTGGCTTGTTT 
GCCTCTCTATTGGATTGCTCAAGGAACCA 


6897 

www i 


Brassica napus T< 
Gly17Term G 
GGA-TGA C 


3GTTCCTTGAGCAATCCAATAGAGAGGCCAAACAAGCCAATTGTT 

AGGTAAGCAGCTCAAGCAGCTAGTGCGAACACGATGGCTAGCT 

rCTGACGACGTAACTCATAGACTTCCATGG 


6898 


V 


\GCTGCTJGAGCTGCT 


6899 


Li 


"inhnnrt a/s^arpta 


USvU 


rxeuucca iinoicnic acia o 

omega-3 fatty acid TV 
desaturase T1 


Unnu 1 1 OOO 1 1 0 1 1\ 1 bnunn l U l UU lul 1 nUnwnu 1 nwunnonft 

\TACCCAAAGCCCJGMTAGGGTCTTCTTCCGTTTGCGCCACCAA 
[TAAATCTGAGAAGAATTTCACCTTCAC 




Solanum tuberosum G 
Arg22Term A( 
AGA-TGA A< 


rGAAGGTGAAATTCTTCTCAGATTTAAATTGGTGGCGCAAACGGA 
3MGACCCTATTCAGGGCTTTGGGTATATTCTTGGTAGTGGTCTA 
3ACCACATTCTGATAGAACCCAACTTGC 


6902 


a 


(\AAGCCCTGAATAGGG 


6903 


CI 


XTATTCAGGGCTTTG 


6904 

W w w 


Rpdnrpd linnlpnir arid Tf 

omega-3 fatty acid G 
desaturase C( 


^GTrTTAGACCACTACCAAGAATATACCCAAAGCCCAGAATAGG 

rCTTCTTCCG 1 1 1 GAGCCACCAATTTAAATCTGAGAAGAATTTCA 
^TTCACCTATACGAACAGATCGGAATTGT 


6905 

ww Ww 


Solanum tuberosum A( 
Cys29Term Tl 
TGC-TGA G< 


:AATTCCGATCTGTTCGTATAGGTGAAGGTGAAATTCnCTCAGA 
iTAAATTGGTGGCTCAAACGGAAGAAGACCCTATTCTGGGCTTTG 
3TATATTCTTGGTAGTGGTCTAAGACCA 


6906 


T( 


XGTTTGAGCCACCAA 


6907 


Tl 


"RfiTfifiPTPAAAPfifiA 


6908 


Reduced linolenic acid O 
omega-3 fatty acid Tl 
desaturase C( 


\CTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGT 

'GCGCCACCAATTGAAATCTGAGMGAATTTCACCTTCACCTATA 

3AACAGATCGGAATTGTTGGGCATTGAG 


6909 


Solanum tuberosum CI 
Leu33Term Tl 
TTA-TGA TC 


rCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAA 
"CTTCTCAGATTTCAATTGGTGGCGCAAACGGMGAAGACCCTAT 
JTGGGCTTTGGGTATATTCTTGGT AGTG 


6910 



WO 01/92512 



197 



PCT/US01/17672 



10 



15 



20 




SHw>) 

Mm. 



Reduced linolenic acid 
omega-3 titty acid 
desaturase 
Solanum tuberosum 
Arg36Term 
AGA-TGA 



ReduceS linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Trp4Term 
TGG-TGA 




CACCAATTGAAATCTGA 



TCAGATTTCMTTGGTG 

AGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGTTTGCGCCA 
CCAATTTAAATCTGIGAAGAATTTCACCTTCACCTATACGAACAGAT 
CGGAATTGTTGGGCATTGAGGGTAAGTG 



lipiiil 




CACTTACCCTCAATGCCCAACMTTCCGATCTGTTCGTATAGGTGA 
AGGTGAAATTCTTCACAGATTTAAATTGGTGGCGCAAACGGAAGAA 
GACCCTATTCTGGGCTTTGGGTATATTCT 



TAAATCTGTGAAGAATT 



AATTCTTCACAGATTTA 



CIC1 1 rATTATC CICCICI ICI I IGI 1 1 1 1 1 1 1 GAG I ICIGAGICACC 

TATGGCMGTTGAGTGATTTCAGMTGTGGGCTAAGGCCACTTCC 

AAGAATCTATGCCAGGCCCAGAAGTGGA 



TCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGCCTTAGCCC 
ACATTCTGAAATCACTCMCTTGCCATAGGTGACTCAGAACTCAM 
AAAAACAAAGAAGAGGAGGATAATAAAGAG 



GCAAGTTGAGTGATTTC 



GAAATCACTCAACTTGC 



Reduced linolenic acid 
omega-3 titty acid 
desaturase 
Petroselinum crispum 
Ser7Term 
TCA-TGA 



TATCCTCCTCTTCTTTG 1 1 1 1 1 1 1 1 GAGTTCTGAGTCACCTATGGCA 
AGTTGGGTGATTTGAGAATGTGGGCTMGGCCACTTCCAAGAATC 
TATGCCAGGCCCAGAAGTGGAGCTTCATG 



CATGAAGCTCCACTTCTGGGCCTGGCATAGA7TCTTGGAAGTGGC 
CTTAGCCCACATTCTCAAATCACCCAACTTGCCATAGGTGACTCAG 
AACTCAAAAAAAACAAAGAAGAGGAGGATA 



GGTGATTTGAGAATGTG 



CACATTCTCAAATCACC 



Reduced linolenic acid 
omega-3 titty acid 
desaturase 
etroselinum crispum 
Glu8Term 
GAA-TAA 



6911 



6912 
6913 



TCCTCCTCTTCTTTGTTTTTTTTGAGTTCTGAGTCACCTAT3GCAAG 
TTGGGTGATTTCATAATGTGGGCTAAGGCCACTTCCAAGAATCTAT 
GCCAGGCCCAGAAGTGGAGCTTCATGTT 



AACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGMGTG 

GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 

AGAACTCAAAAAAAACAAAGAAGAGGAGGA 



TGATTTCATMTGTGGG 



CCCACATTATGAAATCA 



6914 



6915 



6916 



69T 



6918 



6919 



6920 



6921 



6922 



6923 



6924 



6925 



6926 



6927 



6928 



WO 01/92512 



PCT/US01/17672 



-198- 



10 



15 



20 



25 



30 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petroselinum crispum 
Cys9Teim 
TGT-TGA 



CTCTTCTTTGI 1 1 1 1 1 1 1 GAGTTCTGAGTCACCTATGGCMGTTGGG 

TGATTTCAGAATGAGGGCTAAGGCCACTTCCAAGAATCTATGCCA 

GGCCCAGAAGTGGAGCTTCATGTTTCAAC 



GTTGAAACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGA 
AGTGGCCTTAGCCCTCATTCTGAAATCACCCAACTTGCCATAGGTG 
ACTCAGAACTCAAAAAAAACAAAGAAGAG 



TCAGAATGAGGGCTAAG 



CTTAGCCCTCATTCTGA 



6929 



6930 



6931 



6932 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Lys21Term 
AAA-TAA 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu22Term 
GM-TAA 



ATGAAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTA 
ATGGTTTTCATGCTTAAGAAGAAGAAGAAGAAGAGGATTTCGACTT 

AAGCAATCCTCCTCCATTCAATATTGGTC 



GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
TTCTTCnCTTCTTAAGCATGAAAACCATTAACGCCATTTAGAATTG 
GGGTGTCTTTGT ACTGTTGCTGCTTCAT 



TTCATGCTTAAGAAGAA 



TTCTTCTTAAGCATGAA 



6933 



6934 



6935 



6936 



AAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATG 

GTTTTCATGCTAMIMGMGAAGMGAAGAGGATTTCGACTTAAG 

CAATCCTCCTCCATTCAATATTGGTCAGA 



TCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTC 
TTCnCTTCTTCTTAmAGCATGAAAACCAnAACGCCATTTAGAA 
TTGGGGTGTCTTTGTACTGTTGCTGCTT 



ATGCT AAATAAGAAGAA 



TTCTTCTTATTTAGCAT 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu23Term 
GAA-TAA 



CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTMTGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 

TCCTCCTCCATTCAATATTGGTCAGATCC 



GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCTTCrTTCTTCnTATTCTTTAGCATGAAMCCATTMCGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 



CTAAAGAATAAGAAGAA 



TTCTTCTT ATTCTTTAG 



6937 



6938 



6939 



6940 



6941 



6942 



6943 



6944 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu24Term 

G AA-TAA 



CAGCMCAGTACAAAGACACCCCAATTCTAAATGGCGTTMTGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACTTAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 



GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCnCnCTTCTTATTCTTTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 



6945 



6946 



WO 01/92512 PCT/US01/17672 



-199- 












Mil 




CTAAAGAATAAGAAGAA 


6947 




1 1 Vs 1 tvl IMI Iwl 1 1 MO 




RpriiiftPri linnlpnir arid 

omega-3 fatty acid 
desaturase 


GGTCCMKACAGCCTCTACMCATGTTGGTMTGGTGCAGGf^ 
AGAAGATCAAGCTTAGTTTGATCCAAGTGCTCCACCACCCTTCAAG 
ATTGCAAATATCAGAGCAGCAATTCCAAAA 


6949 

Uw"tw 


Glycine max 

Tyr21Term 

TAT-TAG 


TTTTGGMTTGCTGCTCTGATATTTGCAATCTTGAAGGGTGGTGGA 
GCACTTGGATCAAACTAAGCTTGATCTTCTTTCCCTGCACCATTAC 
CAACATGTTGTAGAGGCTGTGCTTGGACC 


6950 




CAAGCTTAGTTTGATCC 


6951 




GGATCAAACTAAGCTTG 


6952 


Reduced linolenic actd 

ompna.^ fatty arid 

desaturase 


A/\T A A /'» | ^\ ^\ a S^y-VSX AAA A A A A A A 1 '1 A till A ^T^X^X A A 1 ^> 

GGTAATGGTGCAGGGAAAGAAGATCAAGCTTATTTTGATCCAAGTG 
ACATTGCTGGGAGAAGAACACA7TGAGAT 


6953 


Glycine max 
Lvs31Term 

^mw 1 I III 

AAG-TAG 


ATCTCAATGTGTTCTTCTCCCAGCAATGTTTTGGAATTGCTGCTCT 

GATATTTGCAATCTAGAAGGGTGGTGGAGCACTTGGATCAAAATAA 

GCTTGATCTTCTTTCCCTGCACCATTACC 


6954 




CACCCTTCTAGATTGCA 


6955 




TflP A ATrTAfi A Af2fif2TY2 
1 bunn 1 U 1 Aunnbbb 1 0 


oyoo 


RpHiifAri Hnnlontr* aciH 
rvcuuucu iiMuiduu puiu 

omega-3 My acid 
desaturase 


AAA^AAfiATrAA^TTATTTTftATrrAA^TCPTrrArrArrrTTrA 

AGATTGCAAATATCTGAGCAGCAATTCCAAAACATTGCTGGGAGAA 
GAACACATTGAGATCTCTGAGTTATGTTC 




G/yc/ne max 

Arg36Term 

AGA-TGA 


GMCATMCTCAGAGATCTCAATGTGTTCTTCTCCCAGCAATGTTTT 

GGAATTGCTGCTCAGATATTTGCAATCTTGAAGGGTGGTGGAGCA 

CTTGGATCAAAATAAGCTTGATCTTCTTT 


6958 




CAAATATCTGAGCAGCA 


6959 




TGCTGCTCAGATATTTG 


6960 

WW WW 


RpHiiopH linnlpnir* arirl 

rVCUUUCU JIJIUIGIIIb dwIU 

omega-3 fatty acid 
desaturase 


TATTTTfiATrrAAf5T^rTrrArrArrrTTrAAfiATTfirAAATATrA 

GAGCAGCAATTCCATAACATTGCTGGGAGAAGAACACATTGAGATC 
TCTGAGTTATGTTCTGAGGGATGTGTTGG 


USD 1 


G/yc/ne max 

Leu41Term 

AAA-TAA 


CCAACACATCCCTCAGAACATAACTCAGAGATCTCAATGTGTTCTT 
CTCCCAGCAATGrrATGGAATTGCTGCTCTGATATTTGCAATCTTG 
AAGGGTGGTGGAGCACTT GGATCAAAATA 


6962 




CAATTCCATAACATTGC 


6963 




GCAATGTTATGGAATTG 


6964 



WO 01/92512 



PCT/US01/17672 



-200- 









Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Glu8Tenm 

GAG-TAG 


CATCCACCCG^ 

CCGGCTCGTGCTCTCCIAGTGCTCGGGCCTCGCGCCCGTCCGCC 
GCCTGCGCGCCGGCCGGGGCGCCATTGCGGCGC 


6965 


GCGCCGCMTGGCGCCCCGGCCGGCGCGCAGGCGGCGGACGG 
GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 


TGCTCTCCTAGTGCTCG 


6967 


CGAGCACTAGGAGAGCA 


6968 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Cys9Tenm 

TGC-TGA 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGCTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 
GCGCGCCGGCCGGGGCGCCATTGCGGCGCGGTCA 


6969 


TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGATCACTCGGAGAGCACGAGCCGGGCCA 

TTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGGGT 


6970 


TCCGAGTGATCGGGCCT 


6971 


AGGCCCGAJCACTCGGA 


6972 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

SerlOTerm 

TCG-TAG 


CCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGGCT 

CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCCGTCCGCCGCCTGC 

GCGCCGGCCGGGGCGCCATTGCGGCGCGGTCACC 


6973 


GGTGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGC 

GGACGGGCGCGAGGCCCTAGCACTCGGAGAGCACGAGCCGGGC 

CATTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 


CGAGTGCTAGGGCCTCG 


6975 


CGAGGCCCJAGCACTCG 


6976 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Ser29Term 

TCA-TGA 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCAnGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 


TCGCGGTGGATGGACGCGGACGCGGGACGACGGCGCGGCGCCG 
CGGAGAGCGCGGGGGGTCACCGCGCCGCAATGGCGCCCCGGCC 
GGCGCGCAGGCGGCGGACGGGCGCGAGGCCCGAGC 


6978 


GGCGCGGTGACCCCCCG 


6979 


CGGGGGGTCACCGCGCC 


6980 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCCCCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGC 

CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC 

GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


Triticum aestivum 

Glu8Term 

GAG-TAG 


GCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 



WO 01/92512 



201 



PCT/US01/17672 





TGAGGCCGTAGCAGGAG 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
Gln9Term 
CAG-TAG 



CTCCTGCTACGGCCTCA 

CCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCC 
CGCAATGAGGCCGGAGTAGGAGGCGAGCTGCAAGGCCACCGAG 
GACCACCGCTCCGAGTTCGACGCCGCCAAGCCGC 




GCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGC 

CTTGCAGCTCGCCTCCTACTCCGGCCTCATTGCGGGGGCCATGG 
CCGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 



GGCCGGAGTAGGAGGCG 



CGCCTCCTACTCCGGCC 



6986 



6987 



6988 



Reduced linolenic acid 
| omega-3 fatty acid 
desaturase 
Triticum aestivum 
jGlulOTerm 
GAG-TAG 



Reduced linolenic acid 
I omega-3 fatty acid 
desaturase 
Triticum aestivum 
Cys13Term 
ITGC-TGA 



CCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 

AATGAGGCCGGAGCAGTAGGCGAGCTGCAAGGCCACCGAGGACC 
ACCGCTCCGAGTTCGACGCCGCCAAGCCGCCGC 



GCGGCGGCTTGGCGGCGTCGMCTCGGAGCGGTGGTCCTCGGT 
GGCCTTGCAGCTCGCCTACTGCTCCGGCCTCATTGCGGGGGCCA 
TGGCCGCGGATGGATCTGTGCGTGTGCGTGGGGG 



CGGAGCAGIAGGCGAGC 



GCTCGCCTACTGCTCCG 

ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGG 

AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCCGA 

GTTCGACGCCGCCMGCCGCCGCCCTTCCGCATC 



6989 



6990 



6991 



GATGCGGAAGGGCGGCGGCTTGGCGGCGTCGAACTCGGAGCGG 
TGGTCCTCGGTGGCCTTTCAGCTCGCCTCCTGCTCCGGCCTCATT 
GCGGGGGCCATGGCCGCGGATGGATCTGTGCGT 



GCGAGCTGAAAGGCCAC 



luced linolenic acii 
| omega-3 fatty acid 
desaturase 
Oryzasativa 
Ser4Term 
ITCG-TAG 



GTGGCCT7TCAGCTCGC 

CACAAA I CGGAA I CAGA1 CCACCACGACACCCCGG 

CGGCAATGGCGGCGTAGGCGACCCAGGAGGCCGACTGCAAGGC 
TTCCGAGGACGCCCGTCTCTTCTTCGACGCCGC 



6992 
6993 



6994 



6995 



6996 



GCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGCCTTGCAGTC 
GGCCTCCTGGGTCGCCTACGCCGCCATTGCCGCCGGGGTGTCGT 
GGTGGATCTGATTCCG ATTTGT GATTTGTGAAG 



GGCGGCGTAGGCGACCC 



GGGTCGCCIACGCCGCC 



^997 



6998 



6999 



7000 



WO 01792512 



PCT/USO 1/1 7672 



-202- 



mrnmmm 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
Gln7Term 
CAG-TA6 



ATCACAAATCGGAATCAGATCCACCACGACACCCC6GCGGCAATG 
GCGGCGTCGGCGACCTAGGAGGCCGACTGCAAGGCTTCCGAGG 
ACGCCCGTCTCTTCTTCGACGCCGCCAAGCCCC 



GGGGCTTGGCGGCGTCGMGAAGAGACGGGCGTCCTCGGAAGC 
CTTGCAGTCGGCCTCCTAGGTCGCCGACGCCGCCATTGCCGCCG 
GGGTGTCGTGGTGGATCTGATTCCGATTTGTGAT 



CGGCGACCIAGGAGGCC 



GGCCTCCTAGGTCGCCG 



7002 



7003 



7004 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
Glu8Term 
GAG-TAG 



ACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATGGC 
GGCGTCGGCGACCCAGTAGGCCGACTGCAAGGCTTCCGAGGACG 
CCCGTCTCTTCTTCGACGCCGCCAAGCCCCCGC 



7005 



GCGGGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CCGGGGTGTCGTGGTGGATCTGATTCCGATTTGT 



7006 



CGACCCAGTAGGCCGAC 



7007 



GTCGGCCTACTGGGTCG 



7008 



Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
CyslOTerm 
TGC-TGA 



TCAGATCCACCACGACACCCCGGCGGCAATGGCGGCGTCGGCGA 
CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 
TTCGACGCCGCCMGCCCCCGCCCTTCCGCATC 



GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGMGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 



GCCGACTGAAAGGCTTC 



GAAGCCTTTCAGTCGGC 



7009 



7010 



7011 



7012 



WO 01/92512 

WHAT IS CLAIMED IS: 



-203 



PCT/USOl/17672 



1 . An oligonucleotide for targeted alteration of genetic sequence, comprising a single- 
stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from the group consisting of an o-methyl modification, an LNA 
modification including LNA derivatives and analogs, two or more phosphorothioate linkages on a terminus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least the 3' terminus. 

3. The oligonucleotide according to claim one that comprises a 2'-0-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 

5. The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2'-0-methyl analog, a locked 
nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 



7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-7012 . 

8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 



WO 01/92512 



204 



PCT/US01/17672 



9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 

12. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-transcribed DNA strand of a duplex DNA 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 1 0. 

14. A cell comprising the genetic material of claim 1 3. 

1 5. A plant organism comprising the cell according to claim 1 4. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

1 7. A method of determining whether an oligonucleotide is optimized for targeted 
alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that tacks the 
mismatch, a fully modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated 
oligonucleotide and a chimeric double-stranded double hairpin containing RNA and DNA nucleotides. 
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1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract 

1 9. The method of claim 1 7 in which the alteration is produced in a cell. 

20. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-O-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNA and DNA nucleotides. 
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WBd type: GAC AGC AT yjGCCAGT 
Mutant: GAC AGC AT- GCCAGT 
Converted: GAC AGC AT jT]GCCAGT 



Sequence analysis of Tet r plasmid A208 
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DNA sequence analysis of Kan r plasmids 
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Figure 4 
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Figure 5 
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Figured 
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HyqE3T/25: S'-Agg GCG TGG ATA CGT CCT GCG GGT A- 3' 



HyqE3T/74: 5'-CTC. GTG CTT TCAGCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT T CT AC-3 1 



HyqE3T/74o<; 5 ' -GTA GAA ACC ATC GGC GCA GCT ATT TAC CCG 

CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACG AG-3 1 
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T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 

T 3' 5' \/ 



ft an70 T? 5'-CA£ CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 

CGT ^ AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG S£S 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 

AAGCCGAT C CTGACC mutant 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 
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Figure 9. 
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Figure 10 
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